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PREFACE  TO  THE  FIFTH  EDITION 


PouR  years  have  elapsed  since  the  last  edition  of  this  work  was  issued. 
To  present  recent  advances  in  diagnostic  methods  and  their  practical  appli- 
cation,  several  sections  have  been  rearranged  and  much  new  ^matter  added. 

The  general  considerations  which  determined  the  original  fonn  of  the 
work  and  the  arrangement  of  its  topics  and  which  aceount  in  large  measure 
f  or  its  prompt  and  wide  acceptance  alike  among  praetitioners  and  študenta 
have  not  been  modified.  But  careful  revision  has  called  for  important 
changes.  Professor  Robinson  has  contributed  a  new  seetion  on  Graphic 
Methods  in  the  Study  of  Diseases  of  the  Heart ;  Professor  Sweet  has  care- 
fully  revised  and  enlarged  his  seetion  on  Diseases  of  the  Eye;  Doctor 
Llovd  has  brought  the  seetion  on  Diseases  of  the  Nervous  System  fully  up 
to  date ;  Doctor  Rehfuss  has  written  one  upon  the  newer  Gastro-Enterological 
methods  with  especial  reference  to  the  Fractional  Study  of  the  Contenta 
of  the  Stomach  and  Duodenum,  and  Doctor  Corson  White,  a  very  practical 
seetion  on  Serology. 

Focal  Infection,  Vital  Function  Testing  Methods  and  their  Significance, 
Acidosis,  Dehydration  and  Allergy,  Anaphylaxis  and  Serum  Sickness  have 
l)een  included  among  the  added  subjects,  together  with  many  important 
minor  matters  incorporated  in  the  text.  Nosological  rearrangements  con- 
ceming  Diseases  of  the  Ileart,  Diseases  due  to  Vitamins,  Disorders  of  Metab- 
olism  and  those  arising  in  consequence  of  Deranged  Functions  of  the 
Endocrine  Glands  have  been  made  in  response  to  the  requirements  of  present 
Tiews.    Many  new  illustrations  have  been  inserted. 

The  division  of  the  work  into  two  separate  volumes  made  necessary 
by  the  foregoing  changes  and  its  publication  in  connection  with  Ortner*8 
Treatment  of  Internal  Diseases  as  edited  by  Professor  Potter  greatly  in- 
orease  its  value  alike  to  the  practitioner  and  the  študent ;  while  the  separate 
general  index  is  a  practical  aid  to  the  use  of  the  three  volumes. 

My  thanks  are  due  to  Dr.  Creighton  II.  Turner  for  efficient  assistance 
in  seeing  the  work  through  the  press  and  to  Messrs.  J.  B.  Lippincott  Com- 
pany  for  untiring  and  generous  cooperation. 

J.  C.  WlLSON. 

PniLADELPHiA,  April,  1919. 


PREFACE  TO  THE  FIRST  EDITION 


This  volume  has  been  written  partly  in  response  to  the  wi8hes  of  some 
of  my  professional  coUeagues,  partly  to  meet  the  urgent  demands  of  many 
successive  classes  of  pupils,  but  chiefly  in  the  hope  that  at  this  tirne  a  con- 
venient  and  practical  presentation  of  the  subject  of  Medical  Diagnosis  will 
prove  useful  to  the  profession  at  large. 

The  treatment  of  the  subject-matter  under  four  main  headings  has 
been  adopted  with  the  view  of  simplifying  the  arrangement  of  the  topics 
in  a  department  of  medicine  which  has  attained  large  scope  and  insistent 
importance.  It  is  the  confident  expectation  of  the  author  that  this  plan 
will  fulfil  the  twofold  requirement,  that,  within  the  compass  of  a  single 
book,  clinical  phenomena,  on  the  one  hand,  and,  on  the  other,  those  com- 
plexes  of  clinical  phenomena  which  constitute  diseases,  are  brought  into 
correlation  in  such  a  manner  that  the  practitioner  who  seeks  information 
upon  an  obscure  čase  may  at  once  turn  to  the  diseussion  of  the  methods 
available  to  clear  it  up,  and  the  študent  may  find  the  definite  clinical  appli- 
cations  of  the  same  methods  and  their  results  in  descriptive  medicine« 

Practical  rather  than  theoretical  considerations  have  been  held  con- 
8tantly  in  view  alike  in  the  treatment  of  the  clinical  and  the  laboratory 
subjects.  To  attain  this  end  a  degree  of  positiveness  of  assertion  not 
warranted  under  other  circumstances  and  the  avoidance  of  the  diseussion 
of  moot  and  unsettled  questions  have  seemed  proper. 

The  Medical  Diagnosis  of  J.  M.  Da  Gosta  was  published  in  1864.  That 
brilliant  contribution  to  the  literature  marked  an  epoch  in  the  progress 
of  internal  medicine.  From  the  time  of  its  appearance  the  traditional 
conception  of  diagnosis  by  intuition — a  gift  of  the  favored  few — ceased  to 
occupy  the  thoughts  of  medical  men,  and  the  subject  ranged  itself  among 
the  arts  based  upon  scientific  facts.  It  maintained  in  successive  editions 
during  the  life  of  its  distinguished  author  its  position  in  the  forefront  of 
the  progress  of  applied  medicine  during  a  period  of  extraordinary  advance- 
ment  in  the  collateral  sciences  upon  which  the  practice  of  medicine  rests. 
The  continuing  rapid  development  of  knowledge  relating  to  the  facts  of 
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PART   I. 

OF  MEDICAL  DIAGNOSIS  IN  GENERAL. 


I. 

GENERAL  CONSIDERATIONS. 

DiAGNOSis  in  medicine  is  the  art  or  process  of  distinguishing  between 
different  diseases.  It  occupies  a  position  related  on  the  one  hand  to  eti- 
ology — that  science  which  has  for  its  object  the  study  of  the  causes  of 
disease — and  on  the  other  to  therapeutics — the  art  of  healing.  To  recog- 
nize  a  disease  involves  the  consideration  of  its  causes,  and  if  they  can  be 
corrected  or  removed,  points  the  way  to  a  cure — causa  sublata  toUiiur 
effectus.  Even  when  the  causes  are  beyond  our  control  or  the  lesions 
which  they  have  produced  are  permanent,  a  knowledge  of  the  true  nature 
of  the  malady  may  enable  us  to  select  judiciously  the  therapeutic  meas- 
ures  by  which  are  brought  about  those  adjustments  which  relieve  suffer- 
ing  and  prolong  life.  The  maxim,  "  qui  bene  diagnoscit  bene  curai,*'  is  not 
without  truth.  Finally,  a  correct  diagnosis  is  essential  to  a  reasonable 
prognosis,  since  by  this  means  only  can  we  foretell  the  probable  course 
of  a  disease,  whether  it  tends  to  recovery,  to  continuing  di8ability,  or  to 
deatb. 

Diagnosis  is  of  fundamental  importance  in  scientific  medicine.  The 
prevention  of  disease  and  the  healing  of  the  sick  constitute  the  goal  of 
medicine,  but  diagnosis  is  the  course  by  which  that  goal  is  to  be  reached. 
Empirical  systems  ignore  alike  the  causal  and  the  pathological  basis  of 
disease  and  content  themselves  with  the  stydy  and  treatment  of  8ymptom8, 
and  ali  practice  tends  to  degenerate  into  charlatanism  in  proportion  as 
it  allows  itself  to  be  betrayed  into  this  delusion.  Rational  medicine,  on 
the  other  hand,  regards  symptoms  primarily  as  clues  to  a  diagnosis,  onIy 
8e€ondarily  as  indications  for  treatment;   and  treatment  itself  as  efficient 
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when  it  is  causal  or  radical,  and  as  a  makeshift  when  it  is  simply  pallia- 
tive  or  8ymptomatic.  When  pain  is  present  we  seek  by  the  methods  of 
diagnosis  to  find  the  cause  of  it  and  to  relieve  it  by  the  removal  of  the 
cause,  and  are  not  content  8imply  to  relieve  the  pain  without  regard  to 
the  underlying  condition  which  produced  it. 

The  art  of  diagnosis  is  important  not  only  because  of  its  practical 
utility,  but  also  because  it  deals  with  the  facts  of  nature.  Hypotheses 
and  theories  in  regard  to  disease  come  and  go,  nosological  arrangements 
change  and  shift  like  the  colors  in  the  kaleidoscope,  therapeutic  fashions 
rise  and  fall,  but  the  facts  gained  by  close  and  constant  observation  belong 
to  science  and  are  changeless,  and  these  are  the  facts  with  \vhic!i  diagnosis 
is  concerned.  It  has  been  said  that  the  whole  art  of  medicine  is  in  obser- 
vation. It  is  certainly  true  that  the  art  of  diagnosis  is  in  observation. 
Errors  occur  far  more  commonly  from  incomplete  observation  than  from 
want  of  kno\vledge.  A  systematic,  patient,  painstaking  study  of  the  facts 
is  essential  to  success. 

The  requirements  of  this  branch  of  medicine  are  most  varied  and 
exacting.  A  knowle(lge  of  anatomy,  and  especially  of  visceral  and  regional 
anatomy,  is  essential.  The  variations  in  the  size  and  position  of  the  organs 
within  the  limits  of  health  must  be  kno\vn.  The  structure  and  relation 
of  the  parts  entering  into  the  formation  of  the  nervous  system  must  be 
mast^red.  The  j)hysiological  functions  of  the  complex  human  organism 
are  to  be  familiar  knouledge.  The  causes  of  disease,  both  those  belonging 
to  the  outside  world  and  those  developed  within  the  body  itself,  and  the 
susceptibilities  \vhich  vary  at  diflFerent  periods  of  life  and  under  difTerent 
circumstances,  must  be  thoroughly  understood.  Changes  produced  by 
pathogenic  factors  must  be  clearly  known.  In  truth,  the  facts  of  pathology 
and  semeiology  and  the  natural  history  of  the  diseases  constitute  the 
basis  of  diagnosis. 

Hence,  in  the  arrangement  of  medical  studies,  diagnosis  is  properly 
taken  up  after  the  študent  has  made  advanced  progress  in  the  funda- 
mental  branches,  and  the  success  of  the  practitioner  in  this  field  of  medicine 
is  dependent  upon  close  habits  of  observation,  accurate  kno\vledge,  and 
large  experience.  A  judicial  temperament  and  the  ability  to  wei2:h  evi- 
dence and  assign  due  relative  value  to  the  factors  in  clinical  problems 
are  essential.  Not  less  important  are  patience  and  a  systematic  pro- 
cedure in  ali  cases.  E(|ually  essential  are  correct  habits  of  reasoning, 
since  without  these  a  faulty  conclusion  mav  follow  accuratelv  observed 
facts.  The  diagnostician  in  the  broad  field  of  clinical  medicine  must 
frequently  turn  for  assistance  to  his  professional  coUoague,  who  is  familiar 
with  the  facts  of  the  more  restricted  specialties  and  has  mastered  their 
technic,  and  he  is  becoming  \vith  advancing  knowledge  more  and  more 
dependent  for  accurate  results  upon  instruments  of  precision  and  the 
clinical  laboratory.  Finallv,  the  diagnostician  should  not  be  \vithout 
imagination.  Making  use  of  his  knowle(lge  of  anatomy  and  morbid  anatomy 
he  should  cultivate  the  habit  of  picturing  to  himself  the  changes  in  the 
organs  of  the  body  by  which  clinical  phenomena  are  brought  about,  such 
as  the  Consolidated  lung  in  pneumonia,  the  fibrinous  exudate  or  effusion 
in  pleuri8yy  the  impacted  gall-stone  in  biliary  fever,  the  thrombus  in  phle- 
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bitis,  the  dot  and  its  location  in  cerebral  apoplexy;  and  in  order  that  this 
habit  of  forming  at  the  bedside,  by  a  process  of  projective  imagination, 
mental  pictures  of  structural  conditions  hidden  from  the  eye  may  be 
developed  to  the  greatest  extent,  he  should  avail  himself  of  every  oppor- 
tunity  of  witnessing  operations  involving  the  cranium,  thorax,  and  abdo- 
men,  and  of  being  present  at  post-mortem  examinations. 

The  object  of  diagnosis  is  not  merely  to  find  a  name  for  a  morbid 
condition  or  symptom-complex.  This  it  does,  it  is  true,  but  in  doing  so 
it  determines  the  condition  of  the  patient  as  an  individual,  the  intensity 
of  the  pathological  process,  the  importance  of  prominent  symptoms,  the 
presence  or  absence  of  complications  or  intercurrent  diseases,  and  in  acute 
maladies  the  ability  of  the  organism  to  withstand  the  attack.  A  correct 
diagnosis  enables  us  to  determine  whether  the  condition  of  the  patient 
is  due  to  causes  stili  operative  or  the  result  of  influences  that  have  ceased 
to  act;  whether  or  not  his  malady  is  self-limited,  and,  by  collating  the  facts 
of  any  given  čase  with  the  general  knowledge  of  the  profession,  to  form  an 
opinion  as  to  the  probable  duration  of  the  sickness  and  its  ultimate  out- 
come.  It  informs  us  whether  the  prominent  symptoms  are  the  direct 
manifestation  of  an  independent  morbid  process,  as  in  gonorrha?al  arthritis, 
the  expression  of  a  constitutional  susceptibility,  as  in  rheumatic  fever,  or 
an  acute  outbreak  of  a  persistent  condition.  as  in  podagra.  It  enables  us 
to  recognize  primary  and  secondary  morbid  processes  and  to  distinguish 
between  them,  as  in  appendicitis  and  peritonitis,  and  to  perceive  the  rela- 
tion  between  associated  visceral  lesions  due  to  the  same  cause,  or  to  an 
extension  to  the  neighboring  organs,  as  in  the  čase  of  left-sided  pleurisy 
with  pericarditis.  It  takes  into  consideration  the  hereditary  tendencies 
of  the  patient,  his  age,  surroundings,  occupation,  mode  of  life  and  habits. 
Diagnosis  is  clearly  the  onlv  basis  for  rational  therapeutics  and  reasonable 
prognosis.  The  medical  sciences  deal  with  diseases,  the  art  of  diagnosis 
with  individuals.  Disease  is  not  an  entity,  but  the  sum  of  the  phenomena 
of  the  reaction  of  the  organism  to  pathogenic  influences. 

There  are  various  methods  of  diagnosis,  ali  of  which  may  be  included 
under  the  two  general  groups  of  direct  and  indirect  diagnosis. 

Direct  Diagnosis. 

A  direct  diagnosis  is  made  when  the  history  of  the  čase  and  the  clin- 
ical  phenomena  are  sufficient  to  warrant  a  positive  conclusion.  The  his- 
tory  of  a  violent  prolonged  chill,  followed  by  high  fever  and  pain  in  the 
chest,  with  cough,  rusty  sputum  containing  pneumococci,  dulness  upon 
percussion  in  the  affected  area,  crepitant  rales,  and  bronchial  breathing, 
ju8tify  a  direct  diagnosis  of  croupous  pneumonia.  The  previous  history 
of  the  attack  is  not  always  necessarv,  the  foregoing  associated  svmptoms 
and  signs  being  suflficient  for  the  diagnosis  of  pneumonia  even  when  the 
patient  is  delirious  or  too  ill  to  give  an  account  of  himself. 

The  direct  method  is  sometimes  described  as  the  semeiological  method. 
The  diagnosis  is  based  upon  the  clinical  phenomena  of  the  disease  and  is 
reached  by  analy8is  and  induction.  When  the  data  are  adequate  it  is 
altogether  the  most  scientific  and  satisfactory  method. 
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Indirect  Diag:nosis. 

The  indirect  method  must  be  employed  when  the  clinical  phenomena  are 
obscure  or  insufiicient  for  a  direct  diagnosis.  The  results  are  not  alway8 
conclusive  and  the  diagnosis  may  remain  for  a  time  one  of  probability. 
This  method  includes  diiferential  diagnosis  and  diagnosis  by  exclusion. 

The  differential  method  is  based  upon  the  recognition  of  the 
essential  phenomena  by  which  one  disease  may  be  discriminated  from 
others  of  a  group  presenting  similar  manifestations.  A  young  person 
may  present  himself  complaining  of  the  following  symptoms:  Loss  of 
flesh  and  strength,  occasional  irregular  chills,  followed  by  fever  and  sweat- 
ing,  shortness  of  breath  upon  exertion,  cough  and  pain  in  the  chest  with 
scanty  expectoration.  Upon  inspection  the  respiratory  movement  of  the 
right  side  is  diminished.  The  right  thorax  is  found  to  be  enlarged  and 
altered  in  contour.  There  is  faint  cyanotic  discoloration  with  cedema  in 
the  infra-axillary  region.  The  heart  is  displaced  to  the  left  and  the  lower 
border  of  the  liver  downward.  Vocal  fremitus  is  enfeebled.  There  is 
marked  dulness  upon  percussion  o  ver  the  lower  part  of  the  chest,  con- 
tinuous  with  the  liver  dulness,  while  the  percussion  note  over  the  upper 
portion  has  a  slightly  tympanitic  quality.  Upon  auscultation  the  ves- 
icular  murmur  is  faint  and  distant.  Neither  rales  nor  friction  sounds  are 
heard.  The  gi-eater  number  of  these  symptoms  and  physical  signs  may  be 
encountered  in  (a)  abscess  of  the  right  lobe  of  the  liver,  (b)  malignant 
disease  of  the  pleura,  (c)  serofibrinous  pleurisv,  (d)  empyema. 

(a)  Abscess  of  the  right  lobe  of  the  liver  is  comparativelv  rare.  There 
is  frequently  a  history  of  dysentery  or  other  disease  of  the  abdominal 
viscera.    The  pus  collection  is  rarely  sufficiently  large  to  displace  the  heart. 

(b)  Malignant  disease  of  the  pleura  is  likewise  a  rare  afiection.  It 
usuallv  develops  insidiouslv  without  pain.  It  is  not  attended  by  chills 
or  fever  and  does  not  displace  the  heart  or  liver  until  the  growth  has 
attained  unusual  proportions.  It  produces  a  profound  cachexia  and 
U8ually  involves  rather  than  compresses  the  lung,  so  that  tympany  in  the 
upper  part  of  the  lung  is  absent  and  irregular  patchv  dulness  is  elicitcd 
over  the  seat  of  the  growth. 

(c)  Serofibrinous  pleurisv  does  not  usually  give  ri.se  to  fever  or,  even 
when  massive,  to  disturbance  of  the  circulation  of  the  \vall  of  the  chest  or 

oedema. 

(d)  The  essential  phenomena  by  which.  when  present,  enipyema  may 
be  discriminated  from  the  foregoing  aflfections,  in  addition  to  the  signa  of 
compression  of  the  lung  and  displaconient  of  adjacent  organs,  are  chills, 
fever,  8weating,  and  cyanosis  and  cvdenia  of  the  chest  wall. 

Diagnosis  uy  exclusion  difTcrs  from  difTerential  diagnosis  only  in 
its  scope.  It  seeks  to  establish  the  nature  of  the  disease  by  the  negative 
process  of  showing  what  it  is  not.  The  various  diseasos  presenting  similar 
clinical  phenomena  are  compared  in  turn  with  the  čase  under  consideration, 
and  one  after  another  excluded,  the  diagnosis  of  that  disease  l)eing  finally 
made  to  which  the  malady  most  'clo8ely  conforms.  In  the  above  example 
we  should  first  set  aside  abscess  of  the  liver,  then  malignant  disease  of  the 
pleura.  then  serofibrinous  pleuri8y,  and  by  exclu8ion  arrive  at  the  diagnosis 
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of  einpyema.  Diagnosis  by  exclusion  is  a  tedious  and  inconvenient  method, 
not,  however,  without  value  in  difficult  and  obscure  cases.  It  may  be 
einployed  with  advantage  in  clinical  teaching.    Other  methods  are: 

Causal  or  Etiological  Diagnosis.  —  The  nature  of  an  obscure 
malarial  disease  with  or  without  fever  may  be  determined  by  the  dis- 
€Overy  of  the  astivo-autumnal  parasite  in  the  blood,  or  the  tuberculous 
baeds  of  impaired  health  with  cough  and  obscure  physical  signs  may  be 
revealed  by  an  examination  of  the  sputum.  When  such  a  diagnosis  con- 
cems  germ  diseases  it  is  spoken  of  as  Bacteriological  Diagnosis. 

HiKMATOLOGiCAL  DiAGNosis. — This  may  depend  upon  (a)  the  specifie 
aggiutinating  properties  of  the  serum,  as  in  enteric  fever  or  dysentery;  (b) 
the  morphology^  as  in  pernicious  ansemia  or  leukaemia;  (c)  the  presence  of 
parasites,  as  in  malaria  or  trypnosomiasis ;  (d)  the  result  of  cultures;  and 
(e)  serodiagnostic  reactionsL 

A  PROVisiONAL  DIAGNOSIS  is  that  which  best  accords  with  the  sum  of 
the  probabilities  when  the  data  are  insufficient,  or  pending  a  further  inves^ 
tigation  of  the  facts.  Such  a  diagnosis  may  serve  as  a  working  hypothe8is 
for  therapeutic  purposes  and  the  general  management  of  the  patient. 
It  can  be  revised  or  confirmed. 

A  SURGICAL  DIAGNOSIS  is  made  from  the  stand-point  of  the  surgeon, 
and  inay  in  proper  cases  be  confirmed  or  set  aslde  during  the  life  of  the 
patient  by  an  exploratory  operation. 

FuNCTioNAL  DIAGNOSIS  IS  the  determination  of  the  degree  of  the 
impairment  of  the  functions  of  organs  caused  by  local  affections  or  the 
extent  of  the  interference  with  physiological  processes  resulting  from 
general  disease,  and  the  bearing  of  such  impairment  or  interference  upon 
the  future  of  the  individual  as  regards  health  and  prolongation  of  life. 
Functional  diagnosis  is  closely  allied  to  prognosis. 

A  THERAPEUTIC  DIAGNOSIS  is  that  proccdure  by  which  in  obscure 
cases  the  nature  of  the  disease  is  determined  by  the  results  of  treatment. 
This  method  is  of  very  limited  application.  A  provisional  diagnosis  of 
malaria  having  been  reached  by  the  process  of  exclusion,  the  patient  may 
be  put  at  rest  and  quinine  administered  in  proper  doses.  Should  the 
8ymptom8  promptly  disappear,  the  diagnosis  of  malaria  becomes  probable. 
A  similar  diagnosis  of  syphilis  having  been  reached  by  analogous  methods, 
the  subsidence  of  8ymptoms  upon  the  administration  of  mercurials  or  the 
iodides  may  in  some  cases  confirm  the  diagnosis.  In  almost  ali  such  cases 
there  are  other  and  better  methods  of  diagnosis  which  may  be  employed 
concurrently  with  the  treatment.  In  grave  or  urgent  cases  it  is,  however, 
better  to  give  the  patient  at  once  the  benefit  of  the  doubt. 

CuNiCAL  DIAGNOSIS  is  the  diagnosis  made  at  the  bedside. 

Anatomical  DIAGNOSIS  is  the  diagnosis  made  by  the  pathologist  in 
the  post-mortem  room. 

It  is  not  in  ali  cases  possible  to  make  a  positive  diagnosis  at  once. 
Time  may  be  required  for  a  more  thorough  investigation  of  the  history  of 
the  čase,  a  closer  study  of  the  patient 's  surroundings,  repeated  observation, 
or  for  the  report  of  examinations  conducted  in  the  clinical  laboratory. 
Information  bearing  upon  the  previous  history  of  the  patient  or  the  be- 
ginning  of  his  illness  cannot  always  be  obtained.     He  may  be  deliriouSi 
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unconscious,  or  may  have  lost  the  power  of  speech.  The  history  com- 
municated  by  his  friends  is  often  uncertain  and  misleading.  Persons  of 
the  lower  classes  are  very  commonly  indifferent  to  symptoms  which  are 
not  painful  or  disabling  and  lack  the  ability  to  describe  their  sensations. 
Many  persons,  on  the  other  hand,  often  intentionally,  sometimes  uneon- 
8ciously,  make  false  statements  in  regard  to  their  past  life  and  present 
8ymptom8.  Some  parts  of  the  narrative  are  exaggerated,  others  suppressed. 
Symptoms  may  be  imitated  and  superficial  lesions  artificially  produced. 
Hence  a  group  of  feigned  diseases,  against  which  the  physician  must  be 
upon  his  guard. 

Malingering. — The  term  malingerer  is  used  to  describe  one  who  in- 
tentionally  simulates  a  disease.  Malingering  occurs  in  every  grade  of  h*fe 
and  under  various  circumstances.  It  is  to  be  suspected  when  a  simulated 
disease  lacks  essential  symptoms  or  its  picture  is  overdrawn,  and  when 
there  is  lack  of  correspondence  between  the  alleged  symptoms  and  the 
actual  signs  or  the  obvious  general  health;  it  is  to  be  detected  by  close 
8tudy  of  the  čase  under  various  conditions,  by  the  use  of  instruments  of 
precision,  and  in  some  cases  by  the  application  of  powerful  faradic  currents 
or  an  examination  under  ansesthesia.  The  over-indulged  child,  to  avoid 
his  lessons  or  escape  punishment,  may  feign  an  illness;  an  older  person, 
to  excite  compassion  or  from  mere  love  of  deception.  It  is  common  among 
beggars,  sailors  and  soldiers,  those  improperIy  seeking  pensions,  and  claim- 
ants  against  corporations  for  accidental  damages.  The  simulation  of 
disease  is,  however,  not  always  intentional.  Hysterical  and  neurasthenic 
individuals  sometimes  exaggerate  8ymptoms  or  imitate  the  manifestations 
of  disease  without  purpose  or  intention — the  unconscious  mimicrv  of 
disease.  There  are  those,  on  the  other  hand,  who  from  motives  of  delicacy 
or  shame,  or  in  consequence  of  natural  reserve,  or  from  fear  of  having 
their  apprehensions  confirmed,  refuse  to  consult  the  phvsician,  or  when 
forced  to  do  so  give  a  garbled  and  incomplete  history  of  their  sickness. 
This  may  occur  among  those  sufTering  from  venereal  diseases  or  chronic 
diseases  popularIy  regarded  as  incurable,  as  tuberculosis  and  cancer. 

The  diagnosis  of  an  obscure  čase  occasionally  demands  an  investiga- 
tion  of  the  surroundings  of  the  patient  at  the  time  of  the  development 
of  the  illness.  Time  may  be  required  to  ascertain  etiological  conditions 
relating  to  his  food,  drink,  occupation,  endemic  influences,  or  exposure  to 
transmissible  diseases  locally  epidemic.  Questions  of  this  kind  frequently 
arise  at  a  period  like  the  present,  when  facilities  for  commercial  intercourse 
are  increasing  and  when  military  operations  and  the  exigencies  of  trade 
have  greatly  extended  travel  to  ali  parts  of  the  world. 

Repeated  examinations  may  be  necessary  in  order  to  obtain  accurate 
impressions  when  the  physical  signs  are  obscure  or  ill  defined.  Excessive 
subcutaneous  fat,  local  oedema,  or  general  anasarca  may  interfere  with  the 
physical  exploration;  or  local  tenderness,  intense  pain,  great  restlessness, 
or  an  unwillingness  on  the  part  of  the  patient  to  submit  to  an  examination 
may  give  rise  to  delay.  In  other  cases  the  unusual  character  of  the  symp- 
toms  or  an  association  of  clinical  phenomena  not  previously  encountered 
may  render  repeated  examinations  nece8sary.  During  the  stage  of  invasion 
in  the  acute  febrile  infections  a  positive  diagnosis  is  often  impossible. 
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The  advances  of  modem  medicine  have  enormouslv  increased  our 
knowledge  of  diseases  and  the  precision  of  diagnosis.  In  aH  departments 
of  clinical  medicine,  scientific  accuracy  has  taken  the  plače  of  probability. 
The  every-day  routine  examinations  of  the  clinical  laboratory  cannot  be 
made  oflf-hand.  The  more  elaborate  investigations  involved  in  obscure 
cases  demand  technical  skill  and  a  reasonable  tirne.  The  reports  are 
neeessary  to  a  final  diagnosis.  An  immediate  diagnosis  is  not  only  not 
necessary,  it  is  very  often  not  possible.  Haste  involves  the  risk  of  erron 
Conclusions  cannot  be  reached  until  the  premises  are  established.  A 
provisional  diagnosis  may  serve  to  meet  the  immediate  requirements  of 
the  situation.  Treatment  may  be  instituted  in  response  to  urgent  indica- 
tions.  When  in  the  period  of  invasion  of  an  acute  illness  there  is  reason  to 
suspect  a  transmissible  disease,  such  as  scarlatina  or  variola,  the  same 
measures  of  prophylaxis  should  be  instituted  pending  the  evolution  of  the 
process  that  would  be  employed  if  the  suspected  disease  were  actually 
present. 

There  are  cases  in  which  diagnosis  in  a  broad  sense  is  impossible. 
A  name  may  be  given  to  some  prominent  8ymptom  or  group  of  symptoms, 
but  the  essential  pathological  process  may  remain  obscure  until  its  nature 
is  revealed  upon  the  post-mortem  table. 

When  possible  a  positive  diagnosis  should  be  made  at  once;  in  ali 
cases  as  soon  as  practicable.  The  študent  is,  however,  warned  against 
making  any  but  a  provisional  diagnosis  upon  insufficient  data.  To  ask 
for  delay  is  by  no  means  a  confession  of  ignorance;  on  the  contrary,  it  is 
the  course  dictated  by  knowledge  and  experience.  Intelligent  people, 
who  seek  the  best  professional  advice,  fully  understand  this.  It  is  only 
the  ignorant  who  are  satisfied  with  a  phrase  for  diagnosis,  a  prescription 
dashed  oflf  at  sight  and  no  directions  whatever,  who  insist  upon  being 
told  what  is  the  matter  at  once. 


II. 

MEDICAL  TOPOGRAPHV. 

Medical  topographv  is  that  branch  of  diagnosis  which  has  for  its 
object  the  consideration  of  the  boundaries  and  relations  of  the  external 
parts  and  internal  organs  of  the  body.  Various  points,  lines,  and  regions 
or  areas,  some  artificial,  others  natural,  serve  the  purposes  of  this  method 
of  clinical  investigation. 

THE  HEAD. 

The  head  is  divided  by  anatomists  into  two  parts,  the  cranium  and 
the  face. 

The  Cranium. 

The  skuU  encloses  and  protects  the  brain.  It  is  divided  into  regions 
corresponding  with  the  superficial  bones  which  enter  into  the  formation 
of  the  skuU, — namely,  occipital,  parietal,  frontal,  and  temporal.  These 
regions  are  separated  by  the  cranial  sutures.  Opposite  the  angles  of  the 
parietal  bones  are  spaces  called  fontanelles, — fons^  a  fountain, — which 
remain  unossified  after  the  bony  growth  of  the  skull  is  elsewhere  completed. 
Of  these,  two  in  the  median  line,  the  anterior  and  posterior  fontanelles, 
are  important. 

The  regions  of  the  skull  serve  for  the  localization  of  subjective  sensa- 
tions,  as  pain  or  headache,  and  superficial  lesions,  as  craniotabes..  nodes, 
nsevi,  injury,  or  suppuration.  The  mastoid  process  of  the  temporal  bone  is 
an  important  landmark,  as  indicating  the  extension  of  middle-ear  disease. 
The  greatest  convexity  in  the  frontal  region  on  either  side  is  known  as  the 
frontal  eminence.  It  is  separated  by  a  slight  depression  below  from  the 
8uperciliary  ridge,  at  the  level  of  which  in  the  median  line  is  the  nasal 
eminence  or  glabella.  About  the  inner  third  of  the  orbital  areh  is  the 
supra-orbital  notch  or  foramen,  a  point  of  tenderness  in  supra-orbital 
neuralgia. 

Sutures. — Failure  on  the  part  of  the  cranial  bones  to  unite,  with 
persistent  wide  sutures,  may  be  due  to  hydrocephalus,  cretinism.  or  in 
very  rare  instances  to  antenatal  rickets. 

Fontanelles. — Variatigns  in  Prominence. — Bulging  of  the  fonta- 
nelles is  a  common  symptom  in  infants  and  young  children.  It  is  much 
more  marked  in  the  anterior  fontanelle.  \Vhen  persistent  it  indicates 
organic  diseases  of  the  brain,  as  hydrocephalus,  meningitis,  or  intracranial 
ahemorrhage,  which  is  in  infants  far  more  commonly  meningeal  than  cere- 
bral.  When  transient  it  is  usually  pulsating  and  associated  with  high 
temperature  and  other  symptoms  of  an  acute  febrile  infection. 

Retraction  of  the  fontanelles  occurs  in  chronic  wasting  diseases,  as 
tuberculosis,  infantile  atrophy  or  marasmus,  and  colitis,  and  in  acute 
diarrhceal  afifections,  as  enterocolitis  and  cbolera  infantum. 
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VARiATipNs  IN  Si2E. — The  postcrior  fontaneile  is  normaIly  obliterated 
ftbout  the  Bixth  week.  The  anterior  retnains  patulous  as  at  birth  or  even 
8ligbtly  incresses  in  size  up  to  about  the  ninth  month,  and  closes  before 
the  end  of  the  second  year,  Delay  in  closing  beyond  this  period  is  com- 
monly  associated  witb  wide  and  ununited  autures  and  occurs  in  rickets 
and  hydrocephaIu3,  The  diameter  of  the  anterior  fontaneile  at  the  end 
of  the  first  year  is  normally  about  2.5  centimetres.  A  greater  width  occurs 
in  rickets  and  some  caaea  of  congenital  8yphili8.  A  very  wide  fontaneile 
ia  characteristic  of  hydrocephalus. 

The   Face. 

The  regions  of  the  face  are  the  orbital,  nasal,  buccal,  and  oral.  They 
contain  the  muscles  of  expression  and  are  of  great  importance  in  the  diag- 
nosis  of  local  and  constitutional  diseaae,  as  well  as  in  the  recognition  of 
mental  and  emotional  conditions.  The  facies  in  various  conditions  will 
be  described  in  a  later  chapter.  Changes  caused  by  nervous  and  ocular 
disorders  will  be  considered  under  their  appropriate  headings. 

DEFORMITIES  OF  THB  HEAD  IN  THE  NEWBORN. 

Caput  5uccedaneuin. — A  swelling  of  the  scalp  caused  by  pressura 
duringparturition.  The  lesion  conaista  of  passive  congestion  with  extrav- 
asation  of  blood  and  cedema  of  the  tissues  of  the  acalp  at  the  area  of 
absence  of  preaaure,  namely,  the  part  of  prea- 
entation.  The  tumor  is  irregularly  circum- 
scnbed  and  does  not  fluctuate.  It  disappears 
without  treatment  in  the  course  of  a  few  days. 
This  condition  is  to  be  distinguished  from — 

CcphalhBmatoma.  —  A  tumor  formed 
during  labor  by  hemorrhage  into  the  space 
between  (a)  the  occipitofrontalis  aponeu- 
rosis  and  the  periosteum,  or  between  the 
periosteum  and  the  skull — external  cephal- 
hromatoma  —  or  (b),  between  the  skull  and 
the  dura  mater — internal  cephalhffimatoma. 

(a)  EXTEHNAL  CePHALH^MATOMA. The       *'"   '■~'hoi^™d'!^ltl)"tX'     *'*'^^ 

most    common  variety  is  subperiosteal.     It 

occurs  in  the  form  of  an  irregular,  circular,  flat  tumor  over  one  or.  in 
rare  instances,  both  parietal  bones,  There  is  distinct  fluctuation,  but  the 
overlying  skin  is  not  discolored.  Slight  elevation  of  the  bone  at  the 
border  of  the  8welling  may  be  felt  in  a  few  days,  with  obacure  crepitua. 
The  condition  is  to  be  distinguished  from  caput  succedaneum  by  its 
location,  fluctuation  upon  palpation,  and  the  esamination  of  fluid  with- 
drawn  by  aspiration.  The  bony  rim  is  diagnostic  at  a  later  period.  It 
is  not  to  be  confounded  \vith  a  depressed  fracture,  which  is  irregular  in 
outline  and  lacks  the  distinct  tumor  formation  with  fluctuation  and  the 
rim-like  bony  circumference  characteri-stic  of  ha^matoma. 

(b)  Internal  Cephalh-«m atoma, — A  very  rare  condition  which  ends 
in  the  death  of  the  child.  There  are  pressure  symptoms.  It  is  .sometimea 
oasodsted  with  the  external  form.    It  haa  occurred  in  breech  presentations. 
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Fluctuating  tumors  arising  from  the  courae  of  the  cranial  suturea  are 
usually  situated  in  the  occipital  region  or  at  the  glabella.  Three  varietiea 
are  described. 

Menlngocele. — Thia  term  is  used  to  designate  a  hernial  protrusion  of 
the  meninges  through  an  opening  in  the  bony  cranium  reaulting  from 
defective  osaification  or  failure  in  suture  formation.  It  may  result  from 
intra-uterine  hydrocephalus.  The  tu- 
mors usually  contain  cerebrospinal  fluid, 
and  are  translucent,  with  large  veina 
upon  the  surface.  In  some  inatances 
an  impulse  may  be  felt  iipon  crying 
and  the  tumor  can  be  reduced  by  gentle 
pressiire. 

Encephalocele. — This  form  of  cere- 
bral    hernia   is    more    common.      The 
tumor  contains  brain  substance  in  addi- 
tion  to  the  membianes. 
Fir;.  2,-nydro-cncephBicieeie.— Rodh.  Hjdro-cncephalocele.  —  The    her- 

nial contents  consist  of  the  membranes, 
brain  tisaue  sutrounding  one  of  the  ventricles,  and  a  portion  of  the 
ventricle  itself  di3tende<l  \vith  cerebrospinal  fluid.  These  tumors  vary 
in  size  from  a  walnut  to  a  large  orange  and  tend  to  increase  in  size. 
They  are  usually  peduncnlated.  The  prognosis  is  unfavorable,  though 
remarkable  recoveries  have  occurred  after  operation. 

Anencephalia. — This  developmental  defect  is  rarely  complete.  Par- 
tial  anencephalia  is  the  usnal  form.  In  accordance  with  a  recognized 
pathological  law,  tlie  deficiency  of  contents  causcs  microcephalic  deformity 
of  the  skuH. 

Hy(lrocephaliJS. — Congenital  interna)  hvdrocephalus  is  a  common 
cause  of  deformity  of  the  skull  in  the  newl>orn.  The  head  is  markedly 
enlargGil;    the  cranial  bones  are   thinned    and   displaced  outward8;    the 


sutures  widely  separate<l  and  the  fontanellea  prominent  and  fluciuating. 
In  marked  cases  the  temporal  and  parietal  bones  flarc  outnard  so  that  the 
cranium  is  more  or  less  pear-shaped,  the  greatest  diameter  belng  in  the 
upper  part.  The  face  is  usually  normal  in  size.  but  it  looks  abnormaLly 
small,  being  dwarfed  by  the  great  size  of  the  head. 
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THE  NECK. 
Leng^th  and  Thickness. 

In  early  infancy  the  neck  appears  short  on  account  of  the  large  size 
of  the  head  and  its  tendency  to  fall  forward,  and  the  relatively  high  posi- 
tion  of  the  sternum  and  clavicles.  The  neck  appears  to  be  broad  in  com- 
parison  with  its  length  also  by  reason  of  the  large  amount  of  sub- 
cutaneous  fat.  In  fact  at  ali  periods  of  life  the  thick  neck  of  obese  persons 
appears  short,  an  appearance  heightened  by  the  accumulation  of  fat 
known  as  the  double  chin. 

A  short  thick  neck  and  stout  plethoric  body  constitute  the  chief 
structural  factors  in  the  so-called  habitus  apoplecticus.  On  the  other 
hand,  a  long  slender  neck  with  a  prominent  larynx,  and  narrow  flat  chest 
with  projecting  scapulae,  are  characteristic  of  the  habitus  phthisicus.  But 
both  these  designations  are  misleading,  since  apoplexy  is  dependent  upon 
a  condition  of  the  arteries  and  frequently  occurs  in  spare  persons  with 
long  thin  necks,  and  pulmonary  tuberculosis  is  the  result  of  infection  and 
not  rarely  selects  its  victims  among  those  who  have  well-formed  chests 
and  necks,  and  occasionally  among  those  who  are  stout,  with  short  thick 
necks. 

Contour. 

Larynx. — In  lean  persons  the  larynx  is  prominent  and  forms  the 
projection  anteriorly  in  the  median  line  known  as  the  Adam*s  apple.  In 
fat  persons  this  organ  is  much  less  noticeable.  Descent  of  the  larynx  upon 
inspiration  occurs  in  aH  forms  of  severe  dyspncea,  and  especially  in  the 
spasmodic  respiration  which  often  precedes  death  in  respiratory  diseases 
attended  with  stenosis  of  the  larynx  or  oedema,  collapse  or  extensive  con- 
solidation  of  the  lungs.  Pressure  displacements  of  the  larynx  and  trachea 
sometimes  result  from  the  presence  of  aneurismal  or  other  tumors  of  the 
neck.  They  are  usually  lateral.  Some  degree  of  lateral  displacement  may 
also  result  from  pleural  adhesions  and  the  traction  of  ^contracting  lung 
in  neglected  pleurisy  or  fibroid  phthisis.  Moderate  bilateral  prominence 
and  enlargement  of  the  neck  without  spastic  contraction  occur  in  the 
habitual  dyspnoDa  of  severe  chronic  bronchitis,  emphysema,  bronchial 
asthma,  cardiac  disease  and  certain  cases  of  chronic  ursemia — so-called 
renal  asthma.  Rigidity  of  the  neck  is  sometimes  due  to  myalgia  of  the 
cervical  muscles,  spondylitis  deformans  involving  the  cervical  vertebrae, 
or  caries.  It  may  be  caused  by  painful  inflammatory  processes,  as  acute 
adenitis,  parotid  bubo,  mumps.  boils,  or  carbuncles. 

Thyroid  Body. — This  gland  is  situated  in  the  lower  part  of  the  neck 
and  embraces  the  trachea  in  it«  upper  part,  reaching  up  to  the  larynx  on 
each  side.  It  consists  of  two  lateral  lobes  united  by  an  isthmus.  The  right 
lobe  is  U8ually  slightly  longer  and  wider  than  the  left.  Both  the  larynx 
and  the  thyroid  body  which  is  in  relation  with  it  rise  with  the  act  of  swallow- 
ing.  Enlargement  of  the  thyroid  body  usually  affects  the  isthmus  and 
both  lobes,  but  one — very  often  the  right — to  a  greater  extent  than  the 
other.      The   enlargement    may    be   vascular,    parenchymatou8,    fibroid, 
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cy8tic,  or  due  to  adenoma,  carcinoms,  tuberculosis,  or  gumma.  Vascular 
enlargement  of  the  thyroid  body  may  be  phyaiological,  occumng  during 
menstruation  or  pregnaiicy  and  subsiding  at  the  termination  of  these 
events,  or  pathological,  as  in  exophthalniic  goitre,  when  it  is  often  variable 
in  size  and  attended  with  marked  pulsation,  thrill,  and  murmur.  Venous 
hyperfemia  may  be  due  to  the  pressure  of  an  aneurism  or  mediastinal 
tumor.  Parenchymatous  enlargement  or  simple  goitre  may  be  of  moderate 
size,  but  in  some  instances  attains 

r^     enormous    dimensions,     protruding 
^^^^B|^^^  beyond  the  chin  and  banging  over 

^^^^^^^^^^^k  the   stern\im.     Cystic    goitre    when 

multiple  may  be  recognized  by  the 
smooth,  hemiapherical,  cloae  set, 
elastic  nodules  upon  the  surface; 
when  single  and  larger,  by  fluctua- 
tion.  Thyroid  abscess  is  rare  and 
uaually  accompanied  by  local  inftam- 
matory  cedema  and  grave  constitu- 
tional  symptoms,  Cancer,  tubercu- 
losis, and  gumma  rareiy  involve  the 
thjToid  and  may  be  recognized 
by  their  local  characters  and  the 
associated  constitutiunal  p  he  no  men  a. 
An  underlving  aneurism  or  medias- 
tinal growth  may  displace  the  thy- 
roiti  upwards  and  forwards  or  to 
either  side.  In  aneurism  of  the 
innominate;  the  displacement  ia  to- 
wards  the  left.  An  aneurism  some- 
timea  imparts  its  movementa  to  the 
overlying  thyroid.  Atrophv  of  the 
thvroid  may  give  rise  to  flattening  of  the  surface.  Jlore  commonly  it  can 
be  recognized  oely  upon  palpation.  It  is  u3ually  accompanied  by  the 
symptoms  of  cretinism  or  myxcedema. 

Muscics. — One  or  both  sternomastoid  muscles  may  be  hypertrophied 
and  prominent.  In  torticollis  or  wry-neck  the  contraction  is  usually 
unilateral,  and  the  neck  is  rotated  so  that  the  maatoid  is  drawn  towarda 
the  inner  end  of  the  clavicle,  the  chin  raised  and  the  face  turned  toward8 
the  unaflfected  side.  In  rare  cases  wry-neck  is  bilateral. — retrocollic  spasm, 
— the  head  retracted  and  the  face  turned  upward.  The  spasm  in  l>oth 
forms  of  torticollis  may  be  tonic  or  clonic.  The  liisease  is  sometimes 
eongenital. 

The  Clavlcles. — The  position  of  these  boncs  has  much  to  do  with  the 
appearance  of  the  neck  as  regards  length.  Thev  are  high  in  deep-chested 
persons  with  large  lungs  and  in  emphy8ema;  low  in  flat-chested  indi- 
viduaU  with  small  lungs  and  in  phthisis  and  pulmonary  fibrosis  from  any 
cause.  These  bones  are  deformed  after  fracture  and  sometimes  present 
nodes  and  irregutaritiee  of  the  surface  caused  by  8yphilitic  periostitis. 
Prominence  in  the  retroclavicular  space  sometimes  occurs  in  emphj-sema 
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of  high  grade,  but  as  a  rule  the  clavicles  in  this  condition  are  prominent 
and  both  the  retro-  and  infraclavicular  spaces  are  retracted.  The  sub- 
cutaneous  fat  pads  of  myxoedema  are  frequently  seen  above  the  clavicles 
and  sometimes  at  the  root  of  the  neck  posteriorlv.  The  neck  is  occasionally 
the  seat  of  extensive  inflammatory  oedema  with  violaceous  discoloration — 
collar  of  brawn — especially  in  scarlet  fever,  erysipelas,  and  infected  wounds, 
and  sometimes  much  distorted  by  subcutaneous  emphysema,  such  as 
follows  rupture  of  the  pleura  or  wounds  or  operations  involving  the  upper 
air-passages. 

THE  THORAX. 

The  thorax  is  of  conical  shape  with  convex  walls.  Its  truncated  upper 
end  is  narrow  and  bounded  by  the  first  dorsal  vertebra,  the  first  pair  of 
ribs,  and  the  manubrium  of  the  sternum.  Its  expanded  base  is  filled  in 
by  the  vault  of  the  diaphragm.  The  anterior  border  of  the  base  curves 
downwards  and  backwards  on  each  side  from  the  xyphoid  cartilage  to  the 
twelfth  rib.  Its  transverse  diameter  greatly  exceeds  its  anteroposterior 
diameter,  which  is  further  shortened  in  the  middle  line  by  the  projection 
of  the  spinal  vertebraB  forwards  into  the  cavity  of  the  thorax.  This  space 
contains  the  heart  and  great  vessels  together  with  the  pericardium,  the 
lungs  and  pleurae,  the  trachea,  the  greater  part  of  the  oesophagus,  and  the 
thymus  gland  or  its  remnant. 

Anatotnical  Landmarks  of  the  Thorax. 

ANTERIOR  SURFACE. 

The  Chest. — The  clavicles,  sternum,  ribs,  and  interspaces  constitute 
natural  surface  conformations  to  which,  for  purposes  of  study  and  de- 
scription.  clinical  phenomena  may  be  referred. 

The  Clavicles.  —  The  part  immediately  above  these  bones  on  either 
side  is  known  as  the  supra-  or  retroclavicular  space;  that  immediately 
below  them  as  the  infraclavicular  space.  Into  the  supraclavicular  spaces 
the  apex  of  the  lung  enters  to  a  slight  extent,  U8ually  a  little  further  on  the 
right  than  on  the  left  side.  Ii\  well-developed  lungs  these  spaces  are  not 
retracte<I,  but  in  ill-developed  lungs  and  in  pathological  states  character- 
ized  by  contraction  of  lung  tissue  they  are  more  or  less  strongly  depressed. 

The  Sternum. — The  upper  border  of  this  bone  is  marked  by  a  large 
incurvation  known  as  the  episternal  notch,  which  limits  the  root  of  the 
neck  anteriorly  and  in  which  can  be  felt  at  times  the  pulsating  aorta — 
dilatation,  dynamic  pulsation,  aneurism  of  the  transverse  arch.  At  the 
line  of  juncture  of  the  manubrium  and  gladiolus  or  body  is  a  more  or  less 
prominent  transverse  line  or  prominence,  better  developed  in  the  male — 
the  angle  of  Ludovicus.  At  the  lower  end  is  the  xyphoid  or  ensiform 
appendix,  variable  in  size  and  shape  and  sometimes  having  its  tip  everted 
in  such  a  manner  as  to  form  an  infrasternal  depression  or  fossa. 

The  Rihs  and  Intercostal  Spaces. — The  Ribs. — In  spare  persons  the 
ribs  may  be  counted  with  ease.  When,  however,  there  is  much  subcu- 
taneous fat,  the  recognition  of  any  particular  rib  is  sometimes  difficult. 
The  first  rib  may  be  known  by  the  articulation  of  its  cartilage  with  the 
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sternum  at  a  point  immediately  below  the  articulation  of  the  clavicle. 
The  articulation  of  the  second  costal  cartilage  is  directly  opposite  the 
junction  of  the  first  and  second  pieces  of  the  sternum — angulus  Ludovici. 
The  ribs  slope  downwards  from  their  spinal  articulations  in  such  a  manner 
that  their  chondrosternal  articulations  lie  at  a  much  lower  level,  the  artic- 
ulation of  the  first  rib  anteriorly  being  in  quiet  breathing  on  the  horizontal 
plane  of  the  fourth  rib  at  the  back  and  so  on  to  the  seventh  rib.  In  the 
expiratory  type  of  chest  this  oblique  position  of  the  ribs  is  somewhat 
increased;  in  the  inspiratory  type  it  is  much  diminished. 

The  Intercostal  Spaces. — These  spaces  correspond  to  the  ribs  and 
cartilages  immediatelv  above  them — that  is,  the  first  space  lies  immediatelv 
below  the  first  rib.  They  are  wider  in  front  than  behind.  In  expiration 
the  upper  spaces  are  increased  in  wi(lth  and  the  lower  narrowed,  while  in 
inspiration  these  conditions  are  relatively  reversed.  It  is  in  accordance 
with  this  fact  that  the  upper  spaces  are  wider  and  the  lower  narrower  in 
the  expiratory,  while  the  upper  are  narrower  and  the  lower  wider  in  the 
inspiratory  form  of  chest.  In  fat  persons  the  intercostal  spaces  cannot 
be  made  out,  but  in  those  who  are  lean  they  appear  as  shallow,  parallel, 
oblique  furrows  symmetrically  arranged  upon  each  side  of  the  chest. 
They  are  deeper  upon  inspiration  than  on  expiration  or  quiet  breathing, 
and  C()nspicuously  so  in  obstructive  dyspncca.  These  furrows  are  oblit- 
erated  in  massive  pneumonia  and  in  pleural  effusions  and  the  spaces  may 
actually  bulge  in  old  cases  of  large  empyema.  Local  protrusion  of  the 
chest  wall  such  as  occurs  in  large  hypertrophy  of  the  heart  in  earlv  life 
causes  widening  of  the  overlving  intercostal  spaces.  The  unilateral  flatten- 
ing  of  the  chest  which  acconipanies  fibroid  phthisis  or  follows  a  neglected 
pleural  eflfusion,  crowds  the  ribs  together,  even  in  some  instances  to  over- 
lapping,  and  in  this  manner  obliterates  the  spaces  in  whole  or  in  part. 

Normal  Cardiac  Pulsation. — The  apex  beat  is  seen  in  the  fifth  inter- 
costal space  to  the  left  of  the  parasternal  line,  while  undulatory  pulsation  in 
several  spaces  occurs  in  dilatation  of  tlie  heart,  and  heaving  pulsation  over 
a  large  area  in  marked  hypertrophy  of  that  organ.  In  rare  instances  inter- 
costal pulsation  is  due  to  a  neglected  empyema.  The  pulsation  is  almost 
ahvays  in  the  anterolateral  aspect  of  the  chest  upon  the  left  side.  In  mitral 
and  aortic  stenosis,  aortic  insufficiency,  cases  of  congenital  malformation 
of  the  heart,  and  aneurism  of  the  aorta,  thrills  may  be  felt  upon  palpation. 

The  Nipple. — This  organ  is  not  without  value  as  a  topographical 
landmark  in  children  and  spare  males,  but  in  women  and  obese  persons  of 
both  sexes  its  position  is  extremely  variable.  When  there  is  little  fat  and 
the  mammffi  are  undeveloped  the  nipple  is  situated  about  the  fourth  inter- 
costal space,  sometimes  over  the  fourth,  sometimes  over  the  fifth  rib,  and 
in  a  vertical  line  intersecting  the  middle  of  the  clavicle — the  mammillary 
line.  It  is  obvious  that  the  nipple  —  mammilla — is  not  a  satisfactory 
anatomical  landmark.    The  midclavicular  line  is  much  more  useful. 

POSTERIOR  SURFACE.— THE  BACK. 

The  Spine. — In  children  and  lean  persons  the  spinous  processes  are 
prominent.  In  muscular  adults  and  fat  people  they  are  situated  in  the 
middle  of  a  8halIow  longitudinal  groove  formed  by  the  prominence  of  the 
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erector  spiose  muscles  on  either  sicie.     They  become  more  prominent 

wben  the  pstient  betids  8trongly  forwaid.     Owing  to  the  denseness  of 

the   overlying   musculotendinous  tissues,  the   spines   of   the    upper   five 

cervical   vertebra;   cannot  as  a  rule  be  recognized  upon  palpation.    The 

8ixth  may  be  felt  and  seen  in  many  peraons,  and  the  seventh — vertebra 

prominens  —  is    U8ually   con- 

spicuous  and  forms   a   point 

of  departure  from  which  the 

th  orači  C    and   1  um  bar   spines 

may  be  counted.    The  eighth 

and     ointh    thoracic     spines 

are  normally  somewhat  more 

prominent   than    the  others. 

Marked  prominence  of  one  or 

more  vertebral   spines,   with 

tenderness  upon  pressure  and 

pain  upon  rotary  movements 

of  the  spine  or  jarring,  is  sig- 

nificant  of  spinal  caries.  usii- 

aUy  tuberculous,  rarely  svph- 

ilitic.      There    is    frequently 

angular  curvature. 

KyplioBl8.— The  curvature 
is  in  the  aagittal  plane  with 
the  concavity  anterior.  It 
is  chiefly  thoracic,  sometimes 
cervicothoracic,  and  may  con- 
stitute  nothing  more  than  one 
of  the  skeletal  changes  due  to 

Old     age.        It    OCCUrs     also     in  Fio.  s— Spmal  carirs.     Lumbor  region.— Young. 

.those    who    habitually   carry 

1ieavy  burdens  on  the  head  and  shoiilders,  in  emphysema,  rickets.  osteilis 
deformans,  and  acromegaly.  This  roiinded  curvature  Js  to  be  distinguished 
from  the  sharper,  often  angular  curvature  of  vertebral  cariea  or  mollities 


Scoliosls.  —  A  rotary-lat€ral  curvature  usuaily  invotving  the  upper 
thoracic  spine  with  compensating  curvature  in  the  lower  thoracic  and 
lumbar  regions.  Leas  commonly  it  affects  the  cervical  or  lumbar  regions. 
Scoliosis  ia  very  common  in  achool-girls  in  consequence  of  poor  nuiscular 
development  and  faulty  desk  attitudes.  It  niay  result  from  the  habitual 
carrying  of  heavy  weights  on  the  same  arm,  inequality  in  the  length  of 
the  iegs,  deformity  of  a  foot,  tiltlng  of  the  pelvis,  old  sciatica,  the  arrested 
growth  of  a  Umb  following  infunttle  palsy,  hemiplegia,  and  mollities  ossiuni. 
The  deformity  of  the  chest  following  long-neglected  pleural  effusion,  sero- 
fibrinous  or  purulent,  includes  dorsal  scoliosis,  the  concavitv  looking  towarda 
the  afiected  side. 

Lonluls. — An  exaggeration  of  the  normal  lumbar  curve  occurs  in  ad- 
vonced  pregnancy,  large  abdominal  tuniora  and  ascites,  prngressivc  mus- 
cular  atrophy,  and  pseudohypertrophie  muscular  paraly8i3,     The  attitude 
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in  the  last  condition  is  characteristic.  The  lega  are  separated,  the  head  is 
thrown  back,  the  spine  strongly  curved,  and  the  abdomen  thriist  forward. 
Spina  Biflda. — This  is  a  developmcntal  fault  consisting  of  failure  on 
the  part  of  the  laminte  of  the  vertebne  to  unite.  The  iisual  site  is  in  the 
lumbar  or  lumbosacral  region.  The  protruding  tumor  is  in  the  middle 
line,  sometinies  covered  with  normal  skin,  sometimes  with  a  thin,  trans- 
lucent  membrane.    There  are  two  varieties: 


Pio.  6. — Kjrpboris.  Fio.  7. — Senile  Itvpboei*. 

.  Spina  difida  occulta,  in  which  the  sac  is  «-aIled  off  from  ali 
connection  with  the  spinal  canal.  and — 

Spina  bifida  veha,  in  which  the  cyst  is  filled  with  cerebroapinal 
fluid  and  increases  in  size  during  violent  crying.  and  can  1«  diminished 
by  gentle  pressure. 

Three  subvarieties  are  recognized: 

Spinal  Meningocele. — The  protruding  membranes  contain  onIy  cere- 
broapinal fluid. 

Meningomyelocele. — The  sac  contains  not  onIy  fluid  but  aiso  sub- 
stance of  the  cord.    This  is  the  most  common  form. 
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Syringomyelocele, — The  sac  is  formed  of  the  membranes  and  a  pro- 
truding  portion  of  the  cord,  the  central  canal  being  dilated  to  form  the 
cavity  of  the  tumor. 

This  group  of  deformities  is  commonly  associated  with  other  develop- 
mental  defects.  Exceptionally  spina  bifida  occurs  in  children  otherwise 
healthy  and  well  developed. 

The  Scapulae. — These  flat,  triangular^  trowel-like  bones  are  placed 
Bymmetrically  upon  the  upper  and  back  part  of  the  thorax  and  extend, 
when  the  arms  hang  by  the  sides  in  the  erect  posture,  from  the  second  to 
the  seventh  ribs.  They  are  attached  to  the.  skeleton  by  the  clavicle  and 
the  humerus  and  are  therefore  freely  movable.  When  the  arms  are  folded 
and  the  body  is  bowed  forward,  the  interscapular  space  is  much  increased, 
an  important  fact  in  physical  diagnosis.  The  inner  borders  of  the  scapulse 
project  in  consequence  of  muscular  weakness,  palsy,  and  changes  in  the 
contour  of  the  chest.  Combinations  of  these  causative  conditions  may 
occur  in  the  same  čase.  Both  inner  borders  project  in  the  alar  or  ptery- 
goid  chest  and  in  the  progressive  muscular  dystrophies  affecting  the  shoulder 
girdle.  The  abnormal  mobility  of  the  shoulder-blades  arising  from  loss  of 
muscular  tone  permits  the  inner  borders  to  project  like  budding  wings. 
The  inner  border  stands  out  upon  the  affected  side  in  contraction  of  the 
chest  from  pulmonary  fibrosis;  in  associated  serratus  and  trapezius  paraly- 
sis,  especially  when  the  arms  are  held  out  in  front  in  the  horizontal  plane; 
in  scoliosis  due  to  various  causes,  and  sometimes  upon  the  left  side  in 
large  aneurism  of  the  descending  portion  of  the  arch  of  the  aorta. 

Immobility  of  the  Spine. — Flexion,  extension,  and  lateral  and  rotary 
movements  may  be  restricted  or  wholly  prevented  by  various  patho- 
logical  conditions,  as  (1)  those  giving  rise  to  pain  in  movement,  among 
which  the  more  common  are  traumatism,  myalgia — lumbago — abscess, 
carbuncle,  meningeal  hemorrhage;  (2)  those  involving  spasm,  as  cerebro- 
spinal  fever  and  the  spastic  form  of  myalgia;  (3)  those  affecting  the  joints 
and  bones,  most  of  which  terminate  in  ankyIosis,  as  traumatic,  gonor- 
rhoeal,  or  tuberculous  disease  and  spondylitis  deformans;  and  (4)  certain 
neuroses,  as  many  of  the  cases  of  so-called  typhoid  spine,  railway  spine, 
hy8terical  spine,  irritable  spine,  and  so  on. 

LATERAL  SURFACES. 

The  landmarks  are  the  axilla — armpit — above,  the  anterior  and  poste- 
rior  axillary  folds,  the  ribs  and  interspaces  and  the  upper  border  of  hepatic, 
on  the  right,  and  of  splenic  dulness  on  the  left  side,  below.  Enlarged  lymph- 
nodes,  which  frequently  undergo  suppuration  or  may  be  tuberculous,  carci- 
nomatous,  leuksemic  or  pseudoleukssmic,  are  common  in  the  axillary  space. 

Artificial  Lines  and  Spaces  of  the  Thorax. 

The  following  conventional  imaginary  lines  and  spaces  serve  a  useful 
purpose  in  the  examination  and  description  of  thoracic  lesions.  For 
convenience  of  demonstration  the  lines  may  be  marked  upon  the  surface 
with  a  dermatographic  pencil.  The  subject  is  in  the  erect  posture  with 
his  arms  8ymmetrically.disposed. 
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A.  Vebtical  Parallel  Lines.  —  With  the    exception  of  the   first 
and  last  they  are  double — bilateral. 

(a)  The  mesial  or  midaternal  line. 

(b)  The  line  of  the  sternal  border. 

(c)  The  parast€rnal  line,  inidway  between  the  line  of  the  ster- 

nal border,  and — 

(d)  The  midclavicular  line,  sometimes  spoken  of  as  the  mammil- 

lary  line  because  in  individuals  with  undeveloped  mammie 
it  passea  through  or  near  the  njpple. 


Fio.  12. — LinM  or  nttnnot:  Lm- 
cnl. — aa,  uiterior  Kiillar]'  line;  ma,  mid- 
ftiilUry  liiH;  pa,  poiMrior  ftiiUkiy  line. 

(e)  The  line  of  the  anterior  axillary  fold. 

(f)  The  niidaxiUary  line. 

(g)  The  line  of  the  posterior  axillary  fold. 

(h)  The  acapular  line,  paseing  vertically  through  the  inferior  angle 
of  the  scapula — a  very  movable  and  uncertain  landmark. 
(i)  The  posterior  mesial  line,  correspondiag  to  the  line  of  the 
spinous  proceseea, 
B.  Horizontal  Parallel  Lines. — These  are  anteriorly: 

(a)  A  line  touching  the  lower  border  of  the  cricoid  cartilage. 

(b)  A  line  passing  through  the  claviclee. 

(c)  A  line  passing  through  the  third  chondrostemal  articulatioo. 
Id)  A  line  paasing  through  the  aixtb  chondrostemal  articulation. 
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And  po8teriorly: 

(a)  A  line  touching  the  upper  border  of  the  scapulsB. 

(b)  A  line  passing  through  the  spines  of  the  scapulse. 

(c)  A  line  passing  through  the  inferior  angles  of  the  scapulse. 

(d)  A  line  touching  the  upper  border  of  the  spine  of  the  twelfth 

dorsal  vertebra. 

« 

Regional  Divisions  of  the   Thorax. 

By  the  intersection  of  certain  of  the  above-described  lines  the  follow- 
ing  arbitrary  regions  are  formed: 

(a)  The  Suprasternal  Region.  —  This  region  overlies  the  thyroid 
body,  the  trachea,  and  more  deeply  the  oesophagus.  The  transverse  aorta, 
when  dilated^  extends  into  it  and  may  be  felt  pulsating  above  the  level 
of  the  sternal  incisura. 

(b)  The  Upper  Sternal  Region.  —  Beneath  the  breastbone  lie  the 
remnants  of  the  thymus,  the  mesial  borders  of  the  upper  lobes  of  the  lungs, 
and  more  deeply  the  transverse  arch  of  the  aorta. 

(c)  The  Lower  Sternal  Region. — Within  the  limits  of  this  space 
lie  the  mesial  border  of  the  right  lung,  the  termination  of  the  fissure  form- 
ing  the  upper  boundary  of  the  middle  lobe,  and  that  part  of  the  right  heart 
which  constitutes  the  area  of  superficial  dulness. 

On  each  side: 

(d)  The  Supraclavicular  Region. — This  space  lies  above  the  upper 
edge  of  the  collar-bone  and  contains  the  apex  of  the  corresponding  lung. 

(e)  The  Clavicular  Region. — A  space  of  no  great  moment  in  diag- 
nosis.  It  corresponds  to  the  boundaries  of  the  inner  half  of  the  bone. 
The  clavicle  may  be  used  as  a  pleximeter  in  direct  percussion. 

(O  The  Infraclavicular  Region. — A  most  important  area  of  the 
chest.  It  is  bordered  above  by  the  line  of  the  clavicles,  internally  by  the 
line  of  the  sternal  border,  externally  by  the  line  of  the  anterior  axillary 
fold  projected  upward  to  the  acromion  process,  and  below  by  the  hori- 
zontal line  passing  through  the  third  chondrosternal  articulation.  It 
contains  on  either  side  that  part  of  the  upper  lobe  of  the  lung  in  which 
tuberculous  bronchopneumonia  is  as  a  rule  first  recognizable. 

(g)  The  Mammarv  Region. — From  the  lower  border  of  the  preceding 
to  the  line  passing  through  the  sixth  chondrosternal  articulation.  This 
space  contains  on  the  right  side  a  part  of  the  upper  and  middle  lobes  and 
the  fissure  separating  them,  together  with  the  right  auricle  near  the  sternal 
border,  and  more  deeply  in  the  vault  of  the  diaphragm  the  convexity  of 
the  right  lobe  of  the  liver.  It  overlies  on  the  left  side  the  extrasternal 
area  of  superficial  dulness,  the  apex  of  the  right  and  of  the  left  ventricle, 
and  the  mesial  border  of  the  left  lung  with  the  lingula.  Into  the  mammary 
region  on  each  side  extend  the  interlobar  fissures  of  the  lungs. 

(h)  The  Inframammarv  Region. — This  area,  which  extends  from  a 
horisontal  line  through  the  sixth  chondrosternal  articulation  downwards, 
overlies  the  liver  on  the  right  side,  and  upon  the  left  a  portion  of  the  left 
lobe  of  the  liver,  the  fundus  of  the  stomach,  the  transverse  colon,  and  the 
q>leeii«    On  the  left  is  Traube^s  semilunar  space. 
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(i)  Tre  Akillahv  Region. — This  apace  is  bounded  by  the  lines  of 
the  axiUary  folda  and  the  armpit  above.  It  is  a  diagoostic  territory  of 
some  importance. 

(j)  The  lKFRA-AXiLLARr  Rboiom. — The  upper  boundary  is  the  line 
which  passes  through  the  sixth  chondrosternal  articulation;  its  lower  is 
the  base  of  the  chest.  In  this  region,  upon  the  left,  the  upper  border  of 
splenic  dulness  may  be  demonstrated  upon  percuBsion.  The  interlobar 
fissure  traverses  the  axillary  and  infra-axillary  spaces. 

(k)  The  Suprascapular  Region. — An  area  of  importance  on  ac- 
count  of  the  early  manifestatione  of  phthisis. 


(1)  The  So PHAapiNOua,  Region. — That  space  lying  between  the  upp« 
border  of  the  scapula  and  the  spine  of  the  scapula,  and  occupied  by  the 
thick  aupraapinoua  muscle. 

(m)  The  Infraspinous  Region.  —  From  the  apine  of  the  scapula 
to  the  level  of  the  inferior  angle.  The  infraapinoua  and  infraacapular 
regions  are  traversed  by  the  interlobar  fisaurea.  Thia  fact  Is  of  importance 
in  the  recognition  of  the  signs  of  the  extenston  of  a  tuberculous  infiltra- 
tion  to  the  apex  of  the  lovver  lobe. 

(n)  The  Infrascapulah  Region. — From  the  angle  of  the  acapula, 
namelv,  about  the  level  of  the  aeventh  rib,  to  the  baae  of  the  chest. 

(o)  The  Interscapulah  Rboion.  —  The  space  lying  between  the 
inner  bordera  of  the  two  scapuls.  It  extends  across  the  spinal  colutnD 
and  ia  much  widened  wheii  the  arms  are  folded  and  the  body  bent  forward. 
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THE  ABDOMEN. 

The  abdomen  is  the  great  cavity  of  the  body  extending  from  the 
diaphragm  above  to  the  levator  muscles  of  the  anus  below.  It  is  sub- 
divided  by  an  oblique  plane  at  the  brim  of  the  pelvis  into  two  portions, 
the  abdomen  proper  and  the  pelvis.  For  the  purpose  of  exact  reference 
to  the  position  and  condition  of  the  organs  contained  in  the  cavity  of 
the  abdomen  in  health  and  disease,  certain  lines,  as  in  the  čase  of  the 
thorax,  are  recognized  upon  the  surface.  These  dividing  lines  are  natural, 
and  artificial  or  conventional. 

The  Natural  Lines  of  the  Abdomen. 

(a)  The  unea  alba  in  the  middle  line  from  the  ensiform  cartilage  to 
the  8ymphysis  pubis. 

(b)  The  ianem  semilunares,  one  upon  either  side,  passing  from 
the  ninth  costal  cartilage  to  the  pubic  bone  and  following  the  outer  border 
of  the  rectus  abdominis  muscle. 

(c)  The  UNEi£  transvers^e,  of  which  there  are  three,  the  upper 
being  at  the  level  of  the  tip  of  the  ensiform  cartilage,  the  middle  at  a 
level  midway  between  the  first  and  the  navel,  and  the  third  at  the  level 
of  the  navel. 

(d)  In  fat  persons  a  deep  transverse  sulcus  or  furrow  crosses  the 
abdomen  a  short  distance  above  the  pubic  arch  and  a  second  similar  but 
less  marked  groove  is  sometimes  seen  about  the  level  of  the  umbilicus. 
These  grooves  vary  in  depth  according  to  the  amount  of  fat  in  the  belly 
wall  and  are  deeper  in  the  erect  than  in  the  recumbent  posture. 

The  Iniaginary  or  Conventional  Lines. 

(a)  The  mesial  une,  passing  through  the  tip  of  the  ensiform  car- 
tilage, the  umbilicus,  and  the  symphysis  pubis,  and  corresponding  to  the 
Unea  alba.' 

(b)  The  prolongation  downward  of  the  midclavicular  line.  which 
passes  through  the  eighth  costal  cartilage  to  the  middle  of  Poupart's 
ligament  upon  each  side. 

(c)  The  infracostal  linE;  passing  around  the  body  in  the  horizon« 
tal  plane  of  the  tenth  costal  cartilages. 

(d)  The  bi-iuac  line,  which  corresponds  to  the  plane  of  the  most 
prominent  part  of  the  iliac  crests. 

These  two  lines  (c)  and  (d)  divide  the  abdominal  surface  into  three 
zones:  an  upper  or  epigastric,  a  middle  or  umbilical,  and  a  lower  or  hypo- 
gastric.  The  two  vertical  lines  dropped  from  the  middle  of  the  clavicle 
to  the  middle  of  Pouparfs  ligament  again  divide  each  of  those  zones  into 
three  regions,  as  follows: 

(a)  An  Epigastric  Region  or  Upper  Central  Region. — This  over- 
lies  a  portion  of  the  right  and  left  lobes  of  the  liver  and  a  large  part  of  the 
anterior  wall  of  the  stomach,  with  the  pylorus,  the  aorta,  the  coeliac  axis, 
the  semilunar  ganglia,  and  at  a  greater  depth  the  pancreas. 
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(b)  A  RiGHT  AND  Left  Htpochondriac  Region. — The  right  hypo- 
chondriac  region  overliea  the  right  lobe  of  the  liver  and  the  gall-bladder, 
the  duodenum,  the  hepatic  flexure  of  the  colon,  and  the  upper  part  of 
the  right  kidney;  the  left  the  greater  curvatureof  the  stomach,  the  spleen, 
the  tail  of  the  pancreas,  the  splenic  Sesure  of  the  colon,  and  the  upper  part 
of  the  left  kidney. 

(c)  An  Uubiucal  or  Middle  Central  Region. — In  this  space  lie 
the  greater  curvature  of  the  stomach,  the  me8entery,  the  great  omentum, 
coils  of  the  small  intestine,  and  the  traosverse  colon. 


^rCft   .., _ 

CFiilnl  rccion;  d.d*.  riaht  uid  left  lumbm  ngiaiii; 
(,  hypiisutrie  or  middle  loirer  rc«ian. 

(d)  A  Right  and  Left  Lumbar  Region. — The  right  contains  the 
lower  part  of  the  right  lddney,  the  ascending  colon,  and  coils  of  small 
intestine;  the  left  the  lower  paxt  of  the  left  kidney,  descending  colon, 
and  small  intestine. 

(e)  A  Hypoga8tric,  Suprapdbic,  or  Middle  Lower  Region. — 
This  space  overhes  coils  of  the  small  bowel,  at  its  lower  portion  the  fundus 
of  the  urinary  bladder  whQn  distended,  and  the  gravid  womb. 

(f)  A  Right  and  Left  Iliac  or  Inouinal  Region.  —  The  right 
contains  the  ciecum  and  the  base  of  the  appendix  or  frequently  the  whole 
of  it,  the  )leoc»cal  valve  and  the  right  ureter;  the  left  the  descending  coIod 
RDd  left  ureter. 
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The  Ouadrants  of  the  Abdomen. 

A  simpler  division  of  the  surface  of  the  abdomen  into  regions  may 
be  made  by  a  vertical  and  a  transverse  line  intersecting  at  the  umbilicus. 
The  four  spaces  thus  defined  are  known  respectively  as  the  right  and 

LEFT   UPPER   and    LOWER   QUADRANTS. 

The  Visceral  Regions. 

Certain  important  viscera  give  their  names  to  the  surface  areas  cor- 
responding  to  the  situation  in  which  they  are  normally  found.  Thus 
we  speak  of: — 

(a)  The  Precordial  Are  a;  the  Precordia. — That  part  of  the  chest 
wall  which  overlies  the  heart,  including  the  areas  of  superficial  and  deep 
dulness  and  increasing  in  extent  in  cardiac  dilatation  and  hypertrophy. 

(b)  The  Region  of  the  Apex. — A  more  circumscribed  space  imme- 
diately  above  and  around  the  normal  apex  and  shifting  as  the  apex  shifts 
in  enlargement  and  displacement  of  the  heart. 

(c)  The  gastric  area,  which  corresponds  to  the  normal  situation 
of  the  stomach.  The  limits  of  this  region  are  not  strictly  defined,  since  the 
organ  varies  in  size  when  empty  or  distended  with  food  or  gas,  and  has 
some  degree  of  mobility. 

(d)  The  Hepatic  Area. — The  lower  border  of  this  region  is  usually 
8harply  defined  both  in  normal  and  pathological  conditions.  Its  upper 
border  rounds  away  from  the  chest  wall  from  which  the  upper  surface  of 
the  liver  is  separated  by  the  edge  of  the  lung,  and  its  left  border  is  obscured 
by  the  tympany  of  the  stomach  and  colon. 

(e)  The  Region  of  the  Gall-bladder. — The  notch  for  the  gall- 
bladder  lies  in  the  under  border  of  the  liver,  slightly  internal  to  the 
ninth  right  costal  cartilage  and  near  the  outer  border  of  the  right 
rectus  muscles.  The  fundus  of  the  organ  when  distended  and  enlarged 
occupies  a  considerable  brea  on  both  sides  of  this  point  as  well  as 
below  it. 

(f)  The  iLEOCiECAL  Area. — The  part  of  the  abdominal  surface  lying 
in  the  right  lower  quadrant  of  the  abdomen  and  the  seat  of  the  local 
manifestations  in  appendicitis.  Here  lies  the  spot  of  focal  tenderness 
described  as  McBurney's  point. 

(g)  The  Splenic  Area. — The  region  which  occupies  the  left  hypo- 
chondrium  extending  towards  the  infra-axillary  region.  An  enlarged 
spleen  frequently  transcends  the  normal  borders  of  the  splenic  area, 
and  a  dislocated  spleen  occupies  an  entirely  different  position,  in  such 
a  manner  that  the  normal  dulness  in  the  splenic  area  is  replaced  by 
tympany. 

(h)  The  Sigmoid  Area. — The  left  inguinal  region  and  the  parts 
bordering  upon  it  toward  the  median  line,  which  are  so  designated 
because  new  growths  and  other  pathological  conditions  involving  the 
sigmoid  flexure  of  the  colon  give  rise  to  tumors  or  other  clinical  mani- 
festations in  this  portion  of  the  abdomen.  It  corresponds  with  the  left 
lower  quadrant. 
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(i)  The  Pelvic  Area. — The  designation  sometimes  employed  to  de- 
scribe  the  suprapubic  area  because  it  is  the  region  of  the  abdomen  in  which 
enlargements  and  new  growths  of  the  pelvic  viscera  are  frequently  manifest. 

The  extent  of  the  various  regions  of  this  group  is  neither  constant 
nor  well  defined.  Their  borders  are  often  shifting  and  overlapping.  Nev- 
ertheless  they  serve  a  useful  purpose  in  the  diagnosis  of  diseases  of  the 
abdominal  organs. 

Large  accumulations  of  fat  in  the  belly  wall  or  within  the  peritoneal 
cavity,  pregnancy,  meteorism,  dropsy  and  ascites,  visceral  displacements 
and  enlargements,  new  growths  and  extra-  and  intraperitoneal  cysts  and 
abscesses  distend  the  abdomen,  modify  its  contour,  and  disarrange,  often 
to  an  extreme  degree,  the  relations  between  the  above-described  areas  and 
the  internal  organs. 

The  foregoing  anatomical  and  conventional  lines  and  areas  enable  us 
definitely  to  fix  the  position  of  clinical  phenomena  for  purposes  of  descrip- 
tion  and  reeord. 

The  signs  or  symptoms  of  a  lesion  may  be  referred  to  a  given  region, 
as  episternal  pulsation,  infraciavicular  dulness,  or  precordial  pain.  More 
exactly  the  location  of  a  given  phenomenon  may  be  indicated  by  the  rib 
or  interspace  in  whieh  it  is  found  and  the  distance  from  the  midsternal 
line  or  its  relation  to  one  of  the  other  vertical  lines  described,  as,  for  example, 
the  signs  of  a  small  cavity  in  the  second  interspace,  a  measured  distance 
to  the  right — or  left — of  the  median  line;  a  presystolic  thrill  in  the  fifth 
interspace,  to  the  left  of  the  left  parasternal  line;  an  undulatory  impulse 
in  the  fourth,  fifth,  and  sixth  interspaces,  extending  to  a  point  midway 
between  the  left  midclavicular  line  and  the  line  of  the  anterior  axillary  fold. 

A  tumor  or  painful  spot  in  the  abdomen  may  be  located  in  one  of  the 
nine  regions  described  as  the  epigastric,  right  iliac,  hypogastric,  and  so  on, 
or  in  one  of  the  quadrants  of  the  abdomen. 

If  great^r  accuracy  is  desired,  the  position  of  a  lesion,  physical  sign, 
or  tender  spot  may  be  stated  to  be  a  measured  distance  to  the  right  or 
left,  as  the  čase  may  be,  of  the  middle  line  at  the  level  of  the  umbilicus, 
or  a  measured  distance  above  or  below  the  level  of  the  umbilicus.  Or, 
again,  the  anterior  superior  spine  of  the  ilium  may  be  taken  as  the  point 
of  departure  for  similar  measurements. 

In  the  back  the  spinous  processes  may  be  taken  as  points  of  departure 
for  the  measurements.  Thus  a  lesion  mav  be  a  measured  distance  from 
the  middle  line  on  a  level  with  the  eighth  dorsal  spine  or  over  a  numbered 
interspace  or  rib, 

The  unit  of  measurement  may  be  the  centimetre,  or  the  inch,  if  pre- 
ferred,  or  the  finger's  breadth  which  equals  about  2  centimetre«  or  i  inch, 
or  the  hand's  breadth,  which  varies  from  about  9  to  11  centimetres  or 
3^  to  4A  inches. 

It  is  customary  to  indicate  the  extent  of  a  lesion  or  the  size  of  a  tumor 
by  less  accurate  but  significant  anatomical  measurements;  thus  we  say 
of  a  splenic  tumor  that  it  extends  to  the  crest  of  the  ilium  or  to  the  sym- 
physis  pubis  or  beyond  the  median  line,  or  of  a  distended  bladder  or  en- 
larged  uterus  that  it  reaches  halfway  from  the  pubis  to  the  umbilicus  or 
to  the  level  of  that  anatomical  landmark. 
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THE  TOPOGRAPHICAL  ANATOMY  OF  THE 

THORACIC  ORGANS. 

The  Thymus  Oland  and  its  Retnnants. 

This  temporary  organ  attains  its  maximum  development  about  the 
end  of  the  second  year.  It  then  undergoes  a  gradual  involution  process 
until  it  is  reduced  to  a  mere  vestige.  When  fully  developed  it  appears 
as  a  naiTOw  elongated  body  Ijang  in  the  anterior  mediastinal  space  imme- 
diately  behind  the  manubrium  sterni  and  extending  into  the  episternal 
region  of  the  neck.  Its  size  varies  according  to  the  degree  of  development. 
At  birth  it  is  about  6  centimetres  in  length,  2.5  centimetres  in  width,  and 
.75  centimetre  in  thiekness.  The  thymus  is  occasionally  persistent  and 
may  then  undergo  hypertrophy.  In  this  čase  and  when  enlarged  as  the 
result  of  tuberculous,  syphilitic,  or  cancerous  disease,  or  hemorrhagic  or 
purulent  infiltration,  pressure  symptoms,  namely,  paroxysmal  dyspn(Ea — 
so-called  thymic  asthma — persistent  dyspn(Ea,  spasm  of  the  glottis,  or 
venous  hyper»mia  and  local  oedema  arise. 

The  Trachea  or  Windpipe. 

This  tubular  organ  extends  in  the  median  line  from  the  larynx  to  a 
point  opposite  the  third  dorsal  vertebra,  where  it  is  crossed  in  front  by  the 
arch  of  the  aorta,  and  there  or  immediately  below  this  level  it  bifurcates  into 
the  right  and  left  bronchi.  Its  length  is  variable,  being  in  the  adult  about 
9  to  11  centimetres,  its  width  from  2  to  2.5  centimetres.  It  is  both  wider 
and  longer  in  the  male  than  in  the  female.  The  trachea  is  movable  and 
miiy  be  displaced  as  well  as  compressed  by  an  aneurism  or  a  new  growth. 
It«  posterior  membranous  part  is  in  relation  with  the  cesophagus  behind, 
and  the  recurrent  laryngeal  nerves  ascend  in  the  groove  between  these 
two  organs.  The  manubrium  sterni  overlies  the  trachea,  which  traverses 
the  posterior  mediastinum. 

The  Primary  Bronchi. 

The  right  and  left  bronchi  arise  at  the  bifurcation  of  the  trachea  and 
diverge  to  the  corresponding  lung  upon  each  side,  which  they  respectively 
enter  at  the  root  to  form  by  successive  subdivisions  the  ramifications  of 
the  bronchial  tree.  The  right  bronchus — the  wider  and  shorter  of  the  two — 
passes  obliquely  downwards  and  outwards  to  the  lung  at  the  level  of  the 
fourth  dorsal  vertebra,  and  behind  the  aorta;  the  left,  smaller  in  diameter 
but  much  greater  in  length,  runs  obliquely  downwards  and  outwards 
below  the  arch  of  the  aorta  to  the  root  of  the  left  lung,  into  which  it  passes 
at  the  level  of  the  body  of  the  fifth  dorsal  vertebra.  The  length  of  the 
right  bronchus  is  about  2.5,  that  of  the  left  nearly  5  centimetres. 

Irregular  stenosis  of  the  trachea  or  a  main  bronchus,  from  an  aneu- 
rismal  or  neoplastic  tumor  or  from  a  tenacious  and  adherent  exudate,  causes 
tracheal  stridor  and  the  accumulation  of  an  abundant  liquid  exudate,  as 
in  some  forms  of  bronchitis,  and  the  pulmonarv  cedema  that  precedes 
deatb  gives  rise  to  coarse  tracheal  rdies. 
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Elasticity  ol  the  Tracheobronchial  Structures. — That  these  organs 
have  a  high  degree  of  pliability,  analogous  to  that  of  the  vesicular  structure 
of  the  lung,  is  shown  by  the  manner  in  which  they  accommodate  them- 
selves  to  the  displacing  and  distorting  pressure  of  effusions,  aneurism,  and 
new  growths  of  various  kinds  without  great  impairment  of  their  function. 
That  they  possess  equally  remarkable  capacity  of  elongation  and  contrac- 
tion  has  been  recently  demonstrated  by  X-ray  examination  and  the 
bronchoscope  of  Chevalier  Jackson. 

The  (Esophagus:    OuUet. 

This  tubular  organ  extends  from  the  pharynx  at  the  lower  border  of 
the  fifth  cervical  vertebra — the  level  of  the  cricoid  cartilage — along  the 
anterior  surface  of  the  borders  of  the  vertebrae,  to  pass  through  the  dia- 
phragm  about  the  level  of  the  ninth  dorsal  vertebra  and  end  in  the  cardiac 
orifice  of  the  stomach.  Its  length  is  about  23  centimetres.  In  the  thorax 
it  lies  posterior  to  the  lower  part  of  the  trachea,  the  upper  part  of  the  left 
bronchus,  and  the  posterior  surface  of  the  pericardium.  The  cesophagus 
niay  be  the  seat  of  simple  or  syphilitic  cicatricial  stricture;  stenosis  from 
cancerous  growth  involving  its  wall  or  pressing  upon  it  from  without  or 
from  the  external  pressure  of  an  aneurism.  Spasmodic  stricture  occurs  in 
neurotic  and  hysterical  persons,  and  the  impaction  of  a  foreign  body,  as  an 
artificial  denture,  a  large  piece  of  meat,  or  a  bone,  may  cause  mechanical 
obstruction,  an  accident  that  occasionally  occurs  among  the  insane.  It  is 
sometimes  the  seat  of  a  diverticulum.  The  cesophagus  is  accessible  to  exam- 
ination  by  the  sound,  the  ccsophagoscope,  and  X-rays.  The  time  occupied  in 
s\vallowing  and  the  nature  of  the  accompanying  sounds  may  be  studied  by 
auscultation. 

The  Lungs  and  Pleurs. 

The  lungs  occupy  the  greater  part  of  the  cavitv  of  the  chest,  enclosing 
l>et\veen  their  concave  inner  surfaces  the  heart  and  great  vessels.  Each 
lung  is  attached  to  the  inner  wall  of  the  thorax  in  the  region  of  the  bodies 
of  the  fourth  and  fifth  dorsal  vertebra?  by  a  comparatively  small  pedicle 
oalUnl  the  root,  and  a  narrow  membranous  fold  continued  downwards 
fr\MU  it.  Elsewhere  the  surface  of  the  lung  is  free  and  covered  by  a  serous 
inombrane,  the  pleura,  which  is  also  reflected  upon  the  inner  wall  of  the 
vht>st»  The  root  of  each  lung  is  composed  of  the  respective  main  bronchus 
tv^jtvthor  with  large  blood-vessels,  Ivmphatic  vessels,  chains  of  Ivmphatic 
^L^iiul^.  hoKl  together  by  connective  tissue  and  enclosed  in  the  pleura. 

THE  PLEUR>e. 

Kiich  pleura  is  a  closed  serous  sac,  lining  the  lateral  cavity  of  the 
iiK>i<i.\  iv>  whioh  it  belongs,  enclosing  the  lung  and  its  root  and  forming 
N>  iho  :ud  of  ita  fellow  of  the  opposite  side  the  mediastinum.  That  part 
v»i  lile  pleura  which  encloses  and  covers  the  lung  and  its  root  is  called 
ihe  ^i^huhI  or  pulmonary  pleura;  that  which  is  reflected  upon  the  ribs 
uud  luuu-co^tal  spaces,  oovera  the  upper  convex  surface  of  the  diaphragm, 
uud  puMCtt  t4>  the  sides  of  the  pericardium,  thus  forming  the  mediastinum. 


Tm.  30. — ti«aiidl*cr*nuiuii 
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18  called  the  parietal  pleura,  or — as  to  its  different  parts  —  the  costal, 
diaphragmatic,  and  mediastinal  pleura;  and  these  two  parts — namely, 
the  visceral  and  the  parietal  pleura — are  continuous  with  each  othet  at 
the  root  of  the  lung. 

The  upper  part  of  the  pleura  on  each  side  passes  upward  beyond  the 

clavicle  into  the  neck,  and  contains  the  apex  of  the  lung,  which  reaches 

from  2.5  to  4  centimetres  above  the  margin  of  the  first  rib,  usually  a  little 

higher  upon  one  side  than  upon  the  other,  but  not  constantly  higher  upon 

the  right  side  as  is  often  stated.    Beneath  the  sternum  the  pleural  sacs  of 

the  two  sides  come  nearly  or  quite  into  contact  in  the  upper  part,  but  in 

the  lower  part  the  right  pleura  passes  to  or  even  beyond  the  middle  line 

and  the  left  pleura  recedes  from  it  to  a  variable  distance  beyond  the  sternal 

border.    At  the  base  of  the  chest  the  pleurse  do  not  reach  to  the  attachments 

of  the  diaphragm,  but  they  are  reflected  from  the  inner  wall  of  the  chest  to 

the  rising  vault  of  the  diaphragm  in  such  a  manner  that,  on  quiet  respira- 

tion  or  on  full  expiration,  the  parietal  and  visceral  pleurae  are  not  in  apposi- 

tion,  but  the  costal  and  diaphragmatic  surfaces  of  the  parietal  pleura  are 

opposed.    The  higher  position  of  the  right  diaphragmatic  vault,  due  to  the 

high  position  of  the  right  lobe  of  the  liver,  renders  the  right  pleura  somewhat 

Bhorter  than  the  left,  while  the  smaller  portion  of  the  heart  upon  the  right 

nde  of  the  median  line  renders  the  right  pleura  somewhat  wider  than  the  left. 

THE  LUNGS. 

Each  lung  is  cone-shaped — with  its  blunt  apex  extending  into  the 
root  of  the  neck,  its  anterior  surface  flattened,  its  lateral  and  posterior 
convex  surfaces  strongly  convex,  and  its  inner  and  inferior  surfaces 
concave.  The  contour  resulting  from  this  conformation  gives  rise  to 
sharp,  well-defined  anterior  margins,  the  horizontal  sections  of  which  are 
acutely  angular,  and  to  a  similar,  sharply  angular,  circumferential  border 
at  the  base,  which  fits  into  the  corresponding  re-entrant  angle  between  the 
thoracic  wall  and  the  diaphragm — a  fact  of  no  little  importance  in  physical 
diagnosis.  Each  lung  is  divided  by  a  long,  deep  fissure,  beginning  about 
.  the  level  of  the  spine  of  the  scapula  and  proceeding  obliquely  downward 
and  outward  to  the  sixth  rib  in  the  midaxillary  line,  into  an  upper  and 
a  lower  lobe.  The  right  lung  is  further  divided  by  a  second,  shorter  fis- 
sure, which  passes  inward  either  straight  or  in  an  upward  or  downward 
direction  through  the  anterior  margin,  thus  forming  a  third  or  middle 
lobe.  Upon  the  inner  anterior  border  of  the  left  lobe  is  situated  a  deep 
fiotch  into  which  the  heart,  enveloped  in  its  pericardium,  is  received,  and 
*t  the  inferior  part  of  this  border  of  the  lung  is  situated  a  tongue-like 
Projeetion  which  passes  in  front  of  the  apex  of  the  heart — lingula. 

The  lungs  completely  fiU  the  chest,  and  the  surfaces  of  the  visceral 
^nd  parietal  pleurse  are  accurately  in  contact  except  along  the  anterior 
^d  inferior  margins  of  the  lungs.  In  these  situations  the  sharp  wedge- 
like  borders  of  the  lung  advance  between  the  reflected  layers  of 
tba  parietal  pleura  during  inspiration  and  recede  during  expiration,  aa 
ftbove  Btated. 
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The  Mediastinum. 

Tbis  space  lies  between  the  lavers  of  sn  anteroposterior  septum 
fonned  by  the  inner  or  mesial  portions  of  the  right  and  left  pleune  which 
pass  upon  the  surface  of  the  pericardium  from  the  anterior  and  posterior 
walls  of  the  chest  to  the  root  of  the  lung  upon  either  side.  It  is  subdivided 
into  an  anterior,  middle  and  posterior  mediastinum. 

The  anterior  is  narrow  and  of  little  depth,  lying  directly  behind  the 
inner  surface  of  the  stemum.  At  its  upper  part  it  contains  the  atrophied 
thvmus.  Behind  the  gladiolus  the  right  and  left  pleurs  are  in  contact, 
and  the  anterior  mediastinum  consists  merely  of  the  connective-tissue 
laver  by  which  they  are  joined.  Lower  down,  whfle  stili  shalIow,  it  is 
widened,  by  the  departure  of  the  left  pleura  from  the  midstemal  line,  into 
a  triangular  space  whioh  lies  between  the  anterior  portion  of  the  right 
ventricle  and  the  wall  of  the  thorax — the  area  of  superficial  cardiac  dulness. 

The  middle  mediastinum  is  the  large  space  between  the  mesial  layer8 
of  the  two  pleurae  which  contains  the  pericardium  and  its  contents. 

The  posterior  mediastinum  lies  in  front  of  the  vertebral  bodies  and 
contains  the  trachea,  the  oesophagus,  the  thoracic  duct,  the  descending 
aorta,  the  azygos  vein,  lymphatic  vessels  and  the  pneumogastric  nerves. 

THE  PERICARDIUM. 

This  membranous  sac,  which  occupies  the  middle  mediastinum  and 
contains  the  heart  and  the  root  s  of  the  great  blood-vessels,  is  conical 
in  shape,  its  base  resting  upon  the  diaphragm  and  its  apex  extending 
upwards  upon  the  walls  of  the  blood-vessels  as  far  as  their  first  sub- 
divisions.  It  consists  of  two  lavers,  an  external  fibrous  layer,  which 
is  attached  below  to  the  central  tendon  of  the  diaphragm,  and.above 
to  the  surface  of  the  large  blood-vessels  which  it  embraces,  and  an  inner 
serous  laver,  which  lines  the  fibrous  sac  in  which  the  heart  is  contained  and 
is  reflected  upon  the  surface  of  that  viscus  in  such  a  manner  as  to  form  a 
parietal  and  a  visceral  portion.  The  latter  is  sometimes  described  as  the 
epicardium.  The  fibrous  pericardium  is  furthermore  firmlv  attached  to  the 
structures  by  which  it  is  surrouncled.  namelv,  the  sternum  in  front,  the 
mediastinal  pleura?  laterallv,  and  the  trachca,  oesophagus,  and  main  bronehi 
behind. 

The  Heart  and  Great  Vessels. 

THE  HEART. 

This  central  organ  of  the  circulation  is  situated  in  the  cavity  of  the 
thorax  in  the  middle  mediastinum.  It  lies  unattached  within  the  peri- 
cardium except  by  the  great  vessels  whieh  spring  from  its  cavities  at  the 
base,  and  it  rests  upon  the  convexity  of  the  diaphragm.  Its  base  is  direeted 
upward,  backward,  and  to\vard  the  right,  and  extonds  from  the  level  of  the 
fourth  to  that  of  the  eighth  dorsal  vertebra,  \vhile  its  apex  points  down- 
ward,  forward,  and  toward  the  left.  coming  into  relation  with  the  chest  wall 
in  the  fifth  intercostal  space  a  little  to  the  left  of  the  parasternal  line.  It 
projects  farther  to  the  left  of  the  median  line  than  to  the  right  in  the 
average  ratio  of  nearly  2  to  1. 
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Orthodiagraphic  measurements  have  ehovvn  that  the  average  oblique 
diameter  of  the  lieart  from  the  true  apex  to  the  angle  at  the  upper  right 
border  of  the  auricle  and  the  great  vessels  is  between  13  and  14  centimetres; 
the  horizontal  distance  from  the  midsternal  line  to  the  most  distant  point 
of  the  border  of  the  heart  on  the  right,  3.5  to  4.5  centimetrea;  to  the  most 
distant  point  on  the  left,  7.5  to  8,5  centimetrea. 

The  Relatlon  of  the  Heart  to  the  Anterior  Wall  of  the  Chest.— In 
general  the  normal  heart  in  the  adutt  raav  be  said  to  extend  from  the  level 
of  the  second  intercoetal  space  on  the  right  side  to  the  fiftb  interspace  oa 
the  left.  Investigations  conducted  to 
aacertain  the  exact  relations  of  the 
viscus  to  the  chest  wall  by  thnisting 
long  needles  through  it  immediately 
after  death,  by  means  of  sections  of 
frozen  bodies,  and  by  the  X-rays  have 
not  yielded  constant  nor  concurrent 
results.  The  discrepaneies  are  doubt- 
less  due  to  differences  existing  natu- 
raUy  among  individuals  and  to  variable 
conditions,  in  themselves  equally  in- 
capableofexactdetermination:forex- 
ample,  the  position  of  the  diaphragm, 
the  amount  of  residual  air  in  the 
lunga,  the  quantity  of  gaa  in  the  stom- 
ach  and  intestines,  and  the  volume  of 
blood  in  the  chambersof  the  heart  at 
the  tirne  of  exainination.  For  clinical 
purposes  it  is  posaible  to  be  over- 
exact  in  variable  matters  of  this  kind. 

The  greater  part  of  the  anterior 
surface  of  the  heart  is  not  directly  in 
relation  with  the  inner  chest  wall,  but 
separated  ft-om  it  by  the  wedge-Hke 
anterior  borders  of  the  lungs.  The 
superior  border  of  the  heart  close!y 

correspondB  toatransverselinedrawn __ 

about  the  level  of  the  upper  edges  of 

the  third  costal  cartilagea  and  extending  from  a  point  two  centimetrea  from 
the  right  border  of  the  sternum  to  the  third  left  costochondral  articula- 
tion.  This  line  conatitutes  the  cHnical  base  of  the  heart  and  subdivides 
tbe  precordia  into  the  cardiac  area  and  the  area  of  the  great  vessela. 

The  inferior  border  is  indicated  by  a  line  drawn  from  a  point  on 
the  upper  border  of  the  sixth  rib,  directly  below  the  outer  limit  of  the 
impulse,  obliquely  upward  and  to  the  right,  acrosa  the  base  of  the  enai- 
form  cartilage,  and  terminating  at  the  middle  of  the  Bfth  right  interapace 
near  its  junction  with  the  sternum. 

The  right  border  ncarly  coincides  with  a  line  drswn  from  the  point 
•t  which  the  BUperior  border  terminates  on  the  right,  convex  to  the  right, 
to  tbe  tniddie  of  the  fifth  interspace  as  above,  namely,  about  2  centimetres 
to  the  right  of  the  right  sternal  border. 
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The  left  border  is  marked  by  a  line  joining  the  apex  and  the  articula- 
tion  of  the  third  left  rib  with  its  cartiluge. 

A  line  joining  the  third  left  chondrosternai  articulation  and  the  aeventh 
right  chondrosternai  articulation  corresponds  fairly  wel]  with  the  line  of 
the  auriculoventricular  septuni. 

A  Hne  joining  the  apex  and  the  third  left  costochondral  articulation 
corresponds  closely  with  the  interventricular  septum. 

The  greater  part  of  the  anterior  siirfacc  of  the  heart  is  formed  by  the 
right  ventricle  and  consfitutes  a  triangle  included  between  the  above  linea 
and  the  inferior  border  of  the  heart,  The  apex  of  this  triangle  is  occupied 
by  the  conus  arteriosiis  and  the  tip  of  the  left  auricular  appendix. 

The  upper  third  of  the  right  auricle  lies  behind  the  sternum,  whi]e 
its  two  lower  thirds  extend  to  the  right  of  the  sternal  edge  and  are  bounded 
by  the  curved  right  border  of  the  heart. 

The  left  auricle  is  deeply  seated  and  is  complete]y  covered  by  the 
body  of  the  heart  and  the  left  lung. 

The  left  ventricle  is  likewise  deeply  seated  and  wholly  retired  frora 
the  surface  of  the  chest  with  the  exception  of  a  narrow  longitudinal  strip 
which  forms  the  left  border  of  the  heart  and  presents  anteriorly,  and  of 
which  the  lower  end  constitutes  the  true  or  anatomical  apex  of  the  heart, 
and  is  separated  from  the  chest-walt  by  the  lingula,  the  clinical  apex  to 
which  the  inipuise  is  due  being  the  apex  of  the  right  ventricle. 

That  portion  of  the  anterior  surface  of  the  heart  which,  uncovered 
by  the  bovders  of  the  lungs,  comea  into  relation  with  the  wall  of  the  chest, 
constitutes  the  area  of  superficial  cardiac  dulness  and  may  be  more  or  less 
accurately  defined  by  percussion;  Ihat  which  recedes  by  its  rounded  sur- 
faces  from  the  chest  wall  and  ia  covered  by  a  rapidly  thickening  volurae 
of  lung  tisaue  is  described  as  forming  the  area  of  deep  cardiac  dulness  and 
cannot  be  defined  with  the  nlcety  which  some  assume  by  the  ordinary 
methodsof  physical  diagnosis,  though  theshadowof  its  borders  may  be  seen 
expanding  and  contracting  with  the  revolutions  of  the  heart  upon  X-ray 
exan]ination. 

THE  GREAT  VESSELS. 

The  ascending  arm  of  the  arch  of  the  aorta  arises  at  the  base  of  the 
left  ventricle  of  the  heart  behind  the  pulmonary  artery.  Its  course  is  at 
first  upward  and  to  the  right  and  slightly  forward  as  it  passes  behind  the 
sternum.  At  the  level  of  the  second  right  costal  or  aortic  carlilage,  the 
vessel  passes  upward,  backward,  and  to  the  left,  forming  the  transverse  por- 
tion of  the  arch,  then  backward  and  downward  to  form  the  descending  arm 
of  the  arch  which  terminates  in  the  descending  portion  of  the  thoracic  aorta. 

The  pulmonary  artery  passes  a  little  more  than  a  centimetre  beyond 
the  left  border  of  the  sternum  in  a  line  about  the  level  of  the  middle  of 
the  left  third  interspace  upward  to  the  second  costal  cartilage,  behind  which 
it  divides  into  its  right  and  left  main  branches. 

The  descending  vena  cava  extends  from  the  second  interspace  on  the 
right  side  of  the  sternum  to  the  base  of  the  heart,  which  it  entera  at  the 
level  of  the  middle  of  the  third  interspace.  Its  courae  is  8Ughtly  curved, 
the  couvexity  being  toward  the  right. 
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Tbese  vessels  are  situated  at  vaiying  depthe  behind  the  manubnum 
aterni  and  in  an  area  extending  beyond  the  right  and  left  sternal  bordera. 
This  region  is  sometimes  designated  the  area  of  the  great  vessels. 

The  Relatlon  of  the  Valves  of  the  Heart  to  One  Another  and  to  the 
Surface  of  the  Chest. — The  lines  of  attachment  of  the  bases  of  the  mitral 
and  tricuspid  valves  corrcspond  to  the  auriculoventricular  sulcus.  The 
semilunar  cusps  of  the  aortic  and  pulnionary  valve  systems  are  situated 
respectively  at  the  origin  of  each  of  those  vessels  from  the  ventricles. 
The  four  sets  of  valves  lie  in  elose  proximitY  fo  me  another  and  to  some 
extent  overlap.  The  pulmo- 
nary  is   most   superficial;   the  T^*T*^  V 

mitral   most   deeply   situated; 
the  aortic  centrally  placed  and  ^ 

in  parts  of  its  extent  covered    \^      ""x^^  ^  / 
by    the    pulmonary;    and    the 
tricuspid  lowest  in  position. 

Their  relations  to  the  sur- 
face of  the  chest  are  as  follows: 

The  [«lmoiury  valve  lies 
horizontal ly  immediately  to  the 
left  of  the  aternal  border  at 
the  level  of  the  upper  edges  of 
the  third  left  costat  cartilage. 

The  aortic  valve  is  at  a  \evc\ 
slightly  lower  than  the  pulmo- 
nary  and  situated  behind  the 
stemum  at  the  level  of  the  third  > 
left  intercostal  space  and  to 
the  left  of  the  median  line. 
It  is  nearly  horizontally  placed. 

The  mitral  valve — left 
auriculoventricular  —  lies  on 
an  oblique  line  from  a  bo  ve 
downward  to  the  right  behind 
tbe  sternum  extending  from 
the  level  of  the  left  third  inter- 
costal space  to  the  level  of  the  Iower  border  of  the  left  fourth  costal  cartilage. 

The  trlcvapld  valve — right  auriculoventricular — lies  stili  more  obliquely 
behind  the  sternum  opposite  the  fourth  intercostal  space  on  a  line  drawn 
tbrough  a  point  in  the  midsternal  line  on  the  level  of  the  third  interspace  to 
tbe  8ixtb  chondrosternal  articulation. 

Theae  four  valve  svstems  are  so  close  to  one  another  that  the  sounds 
produced  by  each  cannot  be  studied  by  auacultation  direct!y  over  the  seat 
of  the  valve,  but  at  that  point  in  the  precordia  at  which  the  blood  stream 
at  the  moment  directly  affccting  the  particular  valve  mechanism  approaches 
the  Burface  of  the  chest  most  closely. 

Piincta  Maxlma. — These  areas,  of  which  there  are  four,  corresponding 
to  the  aeparate  valve  systems,  are: 

1.  The  pNliiioiMry  aree — at  the  inner  end  of  the  second  left  intercostal 
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2.  The  aortic  area — at  the  second  right  costal  cartilage. 

3.  The  mitral  area — at  and  j  ust  above  the  position  of  the  apex-beat 

4.  The  tiicuspid  area — at  the  right  border  of  the  lower  end  of  the  stemum. 

THE  TOPOGRAPHICAL  ANATOMY  OF  THE 

ABDOMINAL  VISCERA. 

The  Stotnach. 

The  stomach  is  that  dilated  portion  of  the  alimentary  canal  which 
lies  between  the  cardiac  end  of  the  CESophagus  and  the  pyloric  end  of  the 
duodenum.  It  is  irregularly  gourd-shaped,  the  larger  left  end  being  called 
the  fundus  or  splenic  extremity;  the  smaller  right  end  the  pyloric  extremity. 
The  orifice  by  which  the  CESophagus  enters  is  called  the  cardia  or  cardiac 
orifice,  that  passing  to  the  duodenum  the  pylorus.  The  former  is  imme- 
diately  below  the  central  part  of  the  diaphragm  and  lies  between  the  greater 
and  lesser  curvatures.  The  latter  lies  lower  down,  more  toward  the  anterior 
abdominal  wall,  and  to  the  right.  The  shorter  inner  curvature  of  the 
gourd  is  known  as  the  lesser,  the  longer  outer  curvature  is  the  greater 
curvature  of  the  stomach.  This  hollow  viscus  lies  chiefly  in  the  epigastric 
and  left  hypochondriac  regions,  the  greater  part  of  its  extent  being,  when 
distended,  in  about  the  proportion  of  1  to  5,  to  the  left  of  the  median  line. 
During  physiological  rest  the  healthy  stomach  contains  only  a  little  mucus 
and  a  small  accumulation  of  air  or  gas  which  occupies  its  fundus,  and 
forms  a  narrow  wrinkled  pouch,  the  long  diameter  of  which  is  oblique  from 
the  cardia  downward  and  to  the  right  and  approaches  much  more  nearly 
to  the  vertical  than  to  the  transverse  axis  of  the  body.  Its  superior  border 
is  fixed  at  the  cardia  at  the  point  at  which  the  oesophagus  pierces  the  dia- 
phragm and  is  attached  to  the  overlying  liver  and  diaphragm  by  the 
gastrohepatic  omentum  and  the  gastrophrenic  ligament.  The  gastrocolic 
omentum  is  attached  to  the  lower,  the  gastrosplenic  omentum  to  the  left 
border.  The  anterior  surface  is  in  relation  with  the  diaphragm  and  under 
surface  of  the  liver  above  and  the  wall  of  the  abdomen  lower  down;  the 
posterior  surface  is  in  relation  with  the  great  vessels  and  pancreas  above 
and  the  transverse  mesocolon  lower  down.  Both  these  surfaces  are  free, 
smooth,  and  invested  with  peritoneum.  When  the  stomach  is  distended, 
it  rotates  upon  its  cardiopyloric  axis  in  such  a  manner  that  the  anterior 
surface  tends  to  look  upward  and  the  posterior  surface  downward.  The 
dimensions  of  the  stomach  vary  according  to  the  degree  of  distention  caused 
by  food,  fluid.  or  gas.  When  moderately  fiUed,  its  longest  diameter  is  about 
25  centimetres,  its  diameter  between  the  greater  and  lesser  curvature  from 
9.5  to  12  centimetres,  and  the  diameter  between  its  anterior  and  posterior 
waUs  about  9  centimetres.  When  much  distended,  a  normal  stomach  may 
reach  to  the  level  of  the  umbilicus. 

The  cardia  is  situated  in  a  direct  line  posterior  to  the  left  seventh 
chondrostemal  articulation  at  a  distance  of  about  10  to  12  centimetres 
from  the  anterior  abdominal  wall.  The  pylorus,  which  has  considerable 
freedom  of  motion,  lies  about  the  level  of  the  tip  of  the  ensiform  cartilagie 
mnd  near  the  outer  border  of  the  right  rectus  muscle.    It  is  in  relation  witb 
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the  concave  surface  of  the  liver  and  may  extend  to  the  neck  of  the  gall- 
bladder.  When  the  stomach  is  distended  the  pylorus  assumes  a  position 
further  to  the  right  and  loAver  in  the  abdomen.  The  fundus  rises  into  the 
vault  of  the  diaphragm  to  the  level  of  the  fifth  interspace  in  the  midaxillary 
line  and  is  higher  than  the  cardia,  j  ust  as  the  lateral  vault  of  the  diaphragm 
is  higher  than  its  central  aponeurosis.  Its  upper  part  lies  behind  the  anterior 
diaphragmatic  border  of  the  left  lung  and  the  tlps  of  the  seventh,  elghth, 
and  ninth  left  ribs  and  their  cartilages.  The  convex  curve  of  Traube's 
semilunar  space  in  this  region  corresponds  with  the  curvature  of  the  fundus 
of  the  stomach. 

The  Intestines. 

A.  The  small  intestine  begins  at  the  pylorus  and  terminates  at  the 
ileocscal  val  ve,  at  which  point  it  joins  the  large  bowel.  It  has  an  average 
length  in  the  adult  of  about  six  metres.  Its  convolutions  occupy  the  middle 
parts  of  the  abdomen  and  are  surrounded  by  the  large  intestine.  They  are 
attached  to  the  back  wall  of  the  abdominal  cavity  by  the  mesentery. 
The  small  intestine  is  divided  into  (1)  an  upper  portion,  or  duodenum, 
about  25  to  30  centimetres  in  length,  into  which  in  its  middle  third  the 
common  bile  duct  and  pancreatlc  duct  discharge  their  contents;  (2)  a 
middle  portion,  or  jejunum;  and  (3)  a  lower  portion,  or  ileum.  In  the  last 
are  situated  Peyer's  patches.  The  duodenum  is  the  widest  and  least  mov- 
able  of  the  three  portlons  of  the  intestines.  The  coils  of  the  jejunum  and 
ileum  are  freely  movable  within  the  abdomen  and  among  themselves  and 
bear  no  constant  relation  to  the  regions  of  the  surface. 

B.  The  larfi^  intestine  extends  from  the  termination  of  the  small 
intestine  at  the  ileocaecal  valve  to  the  anus.  Its  average  length  is  between 
1.5  and  2  metres.  Its  diameter  varies  at  different  parts  and  ranges  from 
3.5  to  6  centimetres.  There  is  a  pouch-like  dilatation  of  the  rectum  im- 
mediately  above  its  lovver  end.    It  is  divided  into  three  parts. 

(1)  The  Cscum;  intestinum  Ciecuiii;  Caput  C«cum  Cofi. — The  shortest 
and  widest  part  of  the  large  intestine.  It  measures  in  length  and  width 
each  about  6  centimetres.  As  a  rule,  there  is  no  mesocaecum,  and  this 
part  of  the  intestine  is  attached  to  the  fascia  covering  the  right  iliacus 
muscle.  The  cfiecum  is  situated  in  the  right  iliac  fossa  and  is  comparatively 
fixed.  Its  position  determines  that  of  the  ileocaecal  valve  which  lies  between 
6  and  7  centimetres  mesial  to  the  right  anterior  superior  spinous  process. 

(2)  The  appendix  vermiformis  arises  from  the  inner  and  posterior 
aspect  of  the  csecum  near  the  ileocaecal  valve.  It  lies  in  the  right  iliac  region 
and  its  base  is  opposite  McBurnev^s  point.  Its  dimensions  are  extremely 
variable,  its  width  being  that  of  a  large  quill  and  its  length  from  6.5  to  9  cen- 
timetres. From  its  comparatively  fixed  base,  the  appendix,  being  free,  may 
extend  in  any  direction.  As  a  rule  it  lies  downwar(l  or  invvard.  It  may, 
however,  extend  backward,  in  which  čase  the  symptoms  of  appendicitis  may 
8Ugge6t  renal  colic;  or  upward,  and,  if  inflamed,suggest  gall-bladder  disease. 

(3)  The  Coloo. — This  part  of  the  large  intestine  constitutes  its  great- 
est  length.  It  occupies  the  peripheral  parts  of  the  abdominal  cavity,  and, 
owing  to  the  lack  of  a  mesocolon  in  its  ascending  and  a  portion  of  its 
deseending  course;  maintains  a  comparatively  fixed  position.     In  some 

a 
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instances  there  is  a  short  mesocolon  in  these  portions.  It  is  divided, 
according  to  its  course  and  direction,  into  four  parts,  namely,  an  ascend- 
ing,  a  transverse,  a  descending  portion,  and  the  rectum. 

(a)  The  ascending  colon,  commencing  at  the  csecum,  passes  upward 
in  a  vertical  direction  to  the  under  surf ace  of  the  liver  near  the  gall-bladder, 
where  it  turns  forward  and  sharply  to  the  left,  forraing  the  hepatic  flexure. 
It  is  as  a  rule  fixed  in  its  whole  course  and  overlaid  by  some  coils  of  the 
ileum.    It  is  contained  in  the  right  lumbar  and  hypochondriac  regions. 

(b)  The  transverse  colon  passes  across  the  umbilical  region  from  the 
right  to  the  left  hypochondrium.  It  is  deeply  situated  at  its  right  and  left 
extremities,  but  in  its  intermediate  course  it  bends  forward  and  approaches 
the  anterior  wall  of  the  abdomen — arch  of  the  colon.  It  rises  slightly  at  its 
left  extremity  to  pass  behind  the  costal  margin  in  relation  with  the  f undus 
of  the  stomach  and  turns  abruptly  downward  to  form  the  splenic  flexure. 

(c)  The  descending  colon  is  continuous  with  the  transverse  colon  at 
the  splenic  flexure.  It  descends  nearly  directly  downward  through  the  left 
hypochondrium  and  lumbar  region  to  the  left  iliac  region,  where  it  curves 
inward  and  then  downward  to  form  the  sigmoid  flexure.  The  descending 
colon  is  covered  only  in  front  and  at  its  sides  by  peritoneum,  but  the  sig- 
moid flexure  has  a  distinct  mesocolon  and  is  freely  movable.  The  latter  lies 
well  toward  the  front  of  the  cavity  of  the  abdomen  in  the  left  iliac  region. 

(d)  The  rectum,  notwithstanding  its  name,  is  not  straight  in  man, 
but  curved  from  its  beginning  at  the  brim  of  the  pelvis  in  front  of  the  left 
sacro-iliac  articulation  obliquely  downward  from  left  to  right  to  the  middle 
line  of  the  sacrum,  then  forward  in  the  hollow  of  the  sacrum  to  the  level 
of  the  prostate  in  the  male  or  the  vagina  in  the  female,  where  it  again  turns 
and  proceeds  downward  and  obliquely  backward  to  the  anus.  This  part 
of  the  large  intestine  lies  entirely  \vithin  the  pelvis,  but  is  accessible  to 
examination  by  the  finger,  the  rectal  bougie,  and  the  proctoscope. 

The  Liver. 

The  liver  is  the  largest  prland  in  the  body  and  occupies  a  great  space 
in  the  abdominal  eavitv.  It  measures  from  22  to  24  centiraetres  in  its 
transverse,  about  15  centimetres  in  its  maximum  anteropostorior,  and 
14  to  16  centimetres  in  its  maximum  vertical  diameter.  It  is  bulky  and 
rounded  in  its  right  extremity;  narrow  and  wedge-shaped  toward  the  left; 
eonvcx  and  smooth  upon  its  upper  surf  ace;  concave,  uneven,  traversed 
by  various  fissures,  and  showing  the  gall-bladder  and  extrahepatic  bile  pas- 
sages  upon  its  lower  surface.  The  rounded,  thick  posterior  part  is  the  most 
fixed;  the  thin,  sharp  anterior  margin  the  most  movable  part  of  the  organ. 

The  liver  occupies  the  right  hypochondriac  and  extends  across  the 
epigastrium  into  the  left  hypochondriac  region.  It  is  closely  adapted  to 
the  vault  of  the  diaphragm  and  is  in  relation  with  the  anterior  wall  of  the 
abdomen  on  the  right  side  as  far  down  as  the  margin  of  the  ribs.  The  right 
lobe  reaches  higher  than  the  left — a  fact  in  accord  with  the  shorter  vertical 
diameter  of  the  right  thorax  as  compared  with  the  left.  At  its  highest 
point  the  convex  upper  surface  of  the  right  lobe  of  the  liver  correspondb 
to  the  fourth  intercostal  space  in  the  midclavicular   line.     The   upper 
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bouDdary  gradually  declines  to  the  base  of  the  ensiform  cartilage  in  the 
direction  toward  the  left  and  continues  on  the  right  and  to  the  back  almost 
upon  the  same  level,  crossing  the  iiiidaxillary  line  at  the  level  of  the  seventh 
intercostal  space  and  the  line  of  the  angle  of  the  scapula  about  the  level  of 
the  ninth  rib.  Owing  to  the  dorae-!ike  shape  of  the  upper  surface  of  the 
right  lobe  of  the  liver  and  the  concavity  of  the  base  of  the  lung  into  which 
it  is  adapted,  the  diaphragm  being  interposed,  there  is  a  considerable 
difference  in  the  level  of  the  actual  upper  border  of  the  organ  and  that  of 
the  portion  which  lies  in  contact  with  the  waH  of  the  thorax.    The  latter 


in  the  midclavicular  line  corresponds  with  the  sixth  rib;  in  the  mid- 
axiUary  line  with  the  eighth  rib,  and  posteriorly  with  the  tenth  rib.  tlpon 
percussion  that  portion  of  the  liver  whieh  lies  in  relation  with  the  wall  of 
the  cheat  yield3  well-marked  dulness;  that  which  is  covered  by  the  inter- 
posed  border  of  the  lung  modified  dulness.  The  fornier  is  spoken  of  as  the 
area  of  superficial  hepatic  dulness,  the  latter  as  the  area  of  deep  hepatic 
dulness,  and  tbese  two  areas  together  constitute  the  area  of  hepatic  dulness. 
The  lower  anterior  margin  corresponds  in  the  midclavicular  line  with 
tbe  margin  of  the  ribs;  in  the  median  line  it  lies  slightly  above  a  horizontal 
line  midway  between  the  base  of  the  ensiform  cartilage  and  the  umbilicua; 
about  tbe  left  parasternal  line  at  the  lower  border  of  the  sixth  rib;  in  the 
right  tiudaziUary  line  at  the  tenth  interspace;  and  at  the  spine  about  the 
lerd  of  the  eleventh  intercostal  space. 
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The  left  border  is  marked  by  a  line  joining  the  apex  and  the  articula« 
Bon  of  the  third  left  rib  with  its  cartilage. 

A  line  joining  the  third  left  chondrosternal  articulation  and  the  seventh 
right  chondrosternal  articulation  corresponds  fairly  well  with  the  line  of 
the  auriculoventricular  septum. 

A  line  joining  the  apex  and  the  third  left  costochondral  articulation 
corresponds  closely  with  the  interventricular  septum. 

The  greater  part  of  the  anterior  surface  of  the  heart  is  formed  by  the 
right  ventricle  and  constitutes  a  triangle  included  between  the  above  lines 
and  the  inferior  border  of  the  heart.  The  apex  of  this  triangle  is  occupied 
by  the  conus  arteriosus  and  the  tip  of  the  left  auricular  appendix. 

The  upper  third  of  the  right  auricle  lies  behind  the  sternum,  while 
its  two  lower  thirds  extend  to  the  right  of  the  sternal  edge  and  are  bounded 
by  the  curved  right  border  of  the  heart. 

The  left  auricle  is  deeply  seated  and  is  completely  covered  by  the 
body  of  the  heart  and  the  left  lung. 

The  left  ventricle  is  likewise  deeply  seated  and  wholly  retired  from 
the  surface  of  the  chest  with  the  exception  of  a  narrow  longitudinal  strip 
which  forms  the  left  border  of  the  heart  and  presents  anteriorly,  and  of 
which  the  lower  end  constitutes  the  true  or  anatomical  apex  of  the  heart, 
and  is  separated  from  the  chest-wall  by  the  lingula,  the  clinical  apex  to 
which  the  impulse  is  due  being  the  apex  of  the  right  ventricle. 

That  portion  of  the  anterior  surface  of  the  heart  which,  uncovered 
by  the  borders  of  the  lungs,  comes  into  relation  with  the  tsrall  of  the  chest, 
constitutes  the  area  of  superficial  cardiac  dulness  and  may  be  more  or  less 
accurately  defined  by  percussion;  that  which  recedes  by  its  rounded  sur- 
faces  from  the  chest  wall  and  is  covered  by  a  rapidly  thickening  volume 
of  lung  tissue  is  described  as  forming  the  area  of  deep  cardiac  dulness  and 
cannot  be  defined  with  the  nicety  which  some  assume  by  the  ordinary 
methods  of  physical  diagnosis,  though  the  shadow  of  its  borders  may  be  seen 
expanding  and  contracting  with  the  revolutions  of  the  heart  upon  X-ray 
examination. 

THE  GREAT  VESSELS. 

The  ascending  arm  of  the  arch  of  the  aorta  arises  at  the  base  of  the 
left  ventricle  of  the  heart  behind  the  pulmonary  artery.  Its  course  is  at 
first  upward  and  to  the  right  and  slightly  forward  as  it  passes  behind  the 
sternum.  At  the  level  of  the  second  right  costal  or  aortic  cartilage,  the 
vessel  passes  upward,  backward,  and  to  the  left,  forming  the  transverse  por- 
tion of  the  arch,  then  backward  and  downward  to  form  the  descending  arm 
of  the  arch  which  terminates  in  the  descending  portion  of  the  thoracic  aorta. 

The  pulmonary  artery  passes  a  little  more  than  a  centimetre  beyond 
the  left  border  of  the  sternum  in  a  line  about  the  level  of  the  middle  of 
the  left  third  interspace  upward  to  the  second  costal  cartilage,  behind  which 
it  divides  into  its  right  and  left  main  branches. 

The  descending  vena  cava  extends  from  the  second  interspace  on  the 
right  side  of  the  sternum  to  the  base  of  the  heart,  which  it  enters  at  the 
level  of  the  middle  of  the  third  interspace.  Its  course  is  slightljr  curved, 
the  couvexity  being  toward  the  right. 
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These  vessels  are  situate«!  at  varjang  deptbs  behind  the  manubrium 
Btemi  and  in  &n  area  extending  beyond  the  right  and  left  steraal  borders. 
Tbis  region  is  sometimes  designated  the  area  of  the  great  vessels. 

Tbe  Relatlon  of  the  Valves  of  the  Heart  to  One  Another  and  to  the 

Surface  of  the  Chest. — The  Unes  of  attachment  of  the  bases  of  the  mitral 
and  tricuapid  valves  correspond  to  the  auriculoventricular  sulcus.  The 
semilunar  cusps  of  the  aortic  and  pulmonary  valve  s^stems  are  situated 
re8pectively  at  the  origin  of  each  of  those  \essoIs  froin  the  \entriclea. 
The  four  sets  of  valves  lie  in  close  proximit^  to  i  ne  inothtr  .ind  to  some 
extent  overlap.     The  pulmo-  _  ,^^ 

nary  ia   most   superficial,   the  '  ^^ 

mitral    most   deeply   situated  -  ^ 

the  aortic  centrally  placed  and 
in  parts  of  its  extent  covered 
by  the  puImonary;  and  the 
trlcuspid  Iowest  in  position 

Their  relations  to  the  sur 
face  of  the  chest  are  as  follows 

The  pulmoaary  valve  lies 
hon2ontallyimmediately  to  the 
left  of  the  sternal  border  at 
the  level  of  the  upper  edges  of 
the  third  left  costal  cartitage 

The  aortic  valve  is  at  a  le\  el 
slightly  lower  than  the  pulmo 
nary  and  situated  behind  the  \ 
steraumatthelevelof  thethird  . 
left  intercoatal  space  and  to 
the  left  of  the  median  line. 
It  is  nearly  horizontally  placed. 

Tbe  mitral  valve— left 
auriculoventricular  ^-  lies  on 
an  oblique  line  from  a  bo  ve 
downward  to  the  right  behind 

the    aternum     extending     from        punci«  m»xiniBirnlicalrdby  red  eirclm. 

the  level  of  the  left  third  inter- 
coatal apace  to  the  level  of  the  Iower  border  of  the  left  fourth  costal  cartilage. 

Tbe  tiicuspM  valve — right  auriculoventricular — liea  stili  more  obliquety 
behind  the  aternum  opposite  the  fourth  intercoatal  apace  on  a  line  drawn 
through  a  point  in  the  midsternal  line  on  the  level  of  the  third  interspace  to 
the  Bixth  cbondroaternal  articulation. 

These  four  valve  ay3tems  are  so  close  to  one  another  that  the  sounda 
produced  by  each  cannot  be  atudied  by  auscuUation  directly  over  the  seat 
of  the  valve,  but  at  that  point  in  the  precordia  at  which  the  blood  atream 
at  the  moment  directly  affecting  the  particular  valve  mecbanism  approachea 
the  Burface  of  the  cheat  most  cloaely. 

Puocta  Miutima. — Theae  areas,  of  which  there  are  four,  correspondiag 
to  the  separate  valve  aystema,  are: 

1.  Tte  pylnoaary  area — at  the  inner  end  of  the  aecond  left  intercostal 
Bpaee. 


V 
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suprarenal  capsule  and  the  upper  part  of  the  left  kidney,  and  at  its  ante- 
rior  portion  with  the  stomach,  the  splenic  flexure  of  the  colon,  and,  coils  of 
the  small  intestine.  Its  average  long  diameter  under  normal  conditions 
is  between  8  and  10  centimetres  and  it  cannot  be  felt  upon  palpation. 
Supernumerary  spleens  are  not  uncommon. 

The  Kidneys. 

The  right  and  left  kidneys  are  deeply  seated  in  the  lumbar  region  in 
the  back  part  of  the  cavity  of  the  abdomen  and  behind  the  peritoneum, 
opposite  the  last  dorsal  and  the  first,  second,  and  sometimes  the  third 
lumbar  vertebrae.  The  position  of  the  right  kidney  is  slightly  lower  than 
that  of  the  left.  Each  kidney  is  about  9  centimetres  long,  6.5  centimetres 
in  width,  and  3  centimetres  in  thickness,  the  left  being  usually  longer  and 
thinner  than  the  right.  Their  oblong,  rounded  concavo-convex  shape  is 
characteristic.  The  convexity  of  each  is  directed  outward  and  backward; 
the  concavity  inward  and  slightly  forward.  Near  the  middle  of  the  con- 
cave  surface  is  a  longitudinal  fissure  or  hilus  at  which  the  vesseb  and 
nerves  enter  or  emerge  and  the  ureter  arises.  This  excretory  duct  expand8 
within  the  hilus  into  the  pelvis  of  the  kidney,  from  which  arise  three  or 
sometimes  two  funnel-shaped  spaces  which  subdivide  into  a  number  of 
smaller  tubes  called  calices  or  infundibula,  similarly  funnel-shaped  but 
into  which  the  papillsB  of  the  kidney  project.  The  kidneys  are  supported 
by  the  vessels  and  the  perirenal  fat.  The  right  kidney  is  in  relation  with 
the  duodenum  and  colon  in  front  and  the  liver  above;  the  left  with  the 
spleen  above  and  colon  anteriorly.  Both  lie  against  the  corresponding 
pillar  of  the  diaphragm,  the  anterior  layer  of  the  lumbar  fascia,  and  the 
psoas  muscle.  The  deep  situation  of  the  kidneys  and  the  thick  layers  of 
muscles  against  which  they  rest,  embedded  in  a  layer  of  fat  behind,  render 
them  under  normal  circumstances  inaccessible  to  the  ordinary  methods 
of  physical  examination.  When  they  are  displaced  or  enlarged  they  present 
characteristic  physical  signs.  The  suprarenal  bodies  are  also  beyond  the 
reach  of  the  usual  procedures  of  physical  diagnosis.  The  ureters  descend 
from  the  hilus  of  each  kidney  to  enter  the  bladder  at  its  base.  When 
dilated — hydronephrosis — they  form  characteristic  abdominal  tumors. 

The  Bladder. 

When  empty  this  organ  lies  below  the  symphysis  pubis;  when  di»- 
tended  it  gives  rise  to  a  globular  area  of  dulness  in  the  hypogastrium. 
In  some  neglected  cases  of  urethral  stricture  or  enlarged  prostate  an  over- 
distended  bladder  forms  a  large  fluctuating  tumor,  reaching  as  high  as  the 
umbilicus  and  inclining  8omewhat  more  to  one  side  of  the  median  line 
than  to  the  other. 


III. 

THE  EXAMINATION  OF  THE  PATIENT  AND  CASE-TAKING. 

Case-Taking. 

An  accurate  knowledge  of  the  facts  in  the  čase  constitutes  the  first 
requisite  to  a  diagnosis.  Those  relating  to  the  medical  life  of  the  patient 
and  his  iUness  up  to  the  tirne  of  his  coming  under  observation  are  known 
as  the  HisTORV  of  the  čase,  or  the  anamnesis;  those  relating  to  his 
immediate  circumstances,  alike  subjective  or  objective,  are  described 
under  the  heading  present  condition,  or  status  pr^esens. 

The  examination  to  ascertain  the  necessary  facts  should  be  conducted 
in  an  orderly  and  systematic  manner.  Time  is  thus  saved,  a  general  sur- 
vey  of  the  cUnical  phenomena  made,  and  those  of  chief  importance  brought 
into  contrast  and  proper  relation  with  those  of  subordinate  value.  Data 
not  otherwise  obvious  are  brought  to  light  and  the  chances  of  oversight 
minimized.  Vague  and  pointless  inquiries  are  omitted.  The  interrogation 
is  precise  and  explicit.  Above  ali,  leading  questions  are  to  be  avoided. 
Running  comments  in  the  presence  of  the  patient  produce  an  especially 
unfavorable  effect.  Tact  and  patience  are  necessary.  An  examination 
thus  conducted  has  a  favorable  influence  upon  the  patient,  especially  in 
chronic  and  difficult  cases,  and  always  inspires  confidence.  The  investiga- 
tion  should  not  be  unduly  extended  or  minute.  The  examination  of  an 
experienced  and  thoroughly  trained  clinician  stands  in  strildng  contrast 
to  the  vague  and  unsystematic  questions  of  the  beginner.  On  the  other 
hand,  the  inquiry  may  be  too  concise  and  brief.  The  former  method  has 
been  spoken  of  as  the  extensive,  the  latter  as  the  intensive.  The  middle 
course  is  the  best. 

There  are  two  principal  modes  of  case-taking,  the  synthetic  and  the 
analytic. 

THE  SVNTHETIC  METHOD. 

In  the  8ynthetic,  sometimes  spoken  of  as  the  historical  method,  the 
inquiry  begins  with  the  history  of  the  patient,  rather  than  with  his  present 
condition.  His  plače  of  birth,  age,  social  state,  occupation,  previous  dis- 
eases,  habits,  hereditary  and  constitutional  tendencies  are  first  ascertained, 
then  follows  an  investigation  into  the  beginning  and  progress  of  the  present 
illness.  Ali  this  constitutes  the  anamnesis.  The  status  praesens  is  then 
oonsidered.  The  condition  of  the  several  physiological  sy8tems,  the  diges- 
tive,  the  circulatory,  the  respiratory,  the  genito-urinary,  the  nervous,  and 
80  on,  being  carefully  inquired  into  in  regular  order.  Finally,  the  symp- 
toms  and  signs  referable  to  the  organs  or  structures  especially  affected 
are  carefully  studied.  The  next  step  in  the  process  is  the  diagnosis,  upon 
which  the  prognosis,  treatment  and  general  management  of  the  čase  depend. 
Case-taking  by  this  method  follows  the  natural  order.    It  is  scientific  and 
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useful  in  obscure  cases.  The  chief  objections  to  it  are  the  tirne  it  consumes 
and  the  fact  that  in  the  progress  of  the  inquiry  unnecessary  attention  must 
be  given  to  facts  which  are  found  later  to  have  little  or  no  bearing  upon 
the  patient^s  present  condition. 

THE  ANALVTICAL  METHOD. 

In  the  anal3rtical  method  the  order  of  procedure  is  reversed.  The 
principal  symptoms  are  taken  as  the  point  of  departure  for  the  investiga- 
tion.  The  organ  or  region  to  which  these  symptoms  are  referred  is  exam- 
ined  by  the  proper  diagnostic  measures.  The  general  condition  of  the 
patient,  his  facies,  the  state  of  nutrition  of  his  body,  his  posture,  his  move- 
ments,  are  carefully  observed;  meanwhile  he  is  questioned  as  to  the  dura- 
tion  and  progress  of  the  present  illness  and  an  inquiry  is  made  into  such 
facts  in  his  previous  history  and  antecedents  as  may  bear  upon  the  čase. 
The  clinical  study  is  then  extended,  the  condition  of  the  other  organs  inves- 
tigated,  the  history  of  the  čase  more  systematically  reviewed,  an  opinion 
formed  as  to  whether  the  malady  is  general  or  local  and  a  diagnosis  reached. 
This  is  the  plan  commonly  pursued  in  ordinary  professional  work  where  the 
data  are  sufficient  for  a  diagnosis  by  the  direct  method,  and  is  available 
in  aH  cases  except  those  where  the  symptoms  are  obscure  and  ill  defined. 

QUESTIONS. 

Great  čare  is  neces8ary  in  formulating  questions.  It  is  not  sufiBcient 
to  ask  the  patient  if  the  present  illness  began  with  a  chill  and  be  content 
with  an  affirmative  answer.  Many  patients  regard  the  transient  shivering 
which  so  often  marks  the  onset  of  an  acute  febrile  disease  as  a  chill,  whereas 
it  is  a  very  different  matter  from  the  prolonged  and  intense  rigor  that 
attends  the  onset  of  pneumonia  or  the  malarial  paroxysm.  The  physician 
must  be  on  his  guard  also  in  regard  to  statements  made  by  patients  or  their 
friends  concerning  their  previous  illnesses.  Very  often  such  diagnoses  are 
popular  rather  than  professional,  and  questions  must  be  so  framed  as  to 
determine  their  accuracy.  Accounts  of  Influenza,  malaria,  catarrh  of  the 
stomach,  rheumatism,  and  the  like  cannot  be  accepted  without  close  inves- 
tigation  into  the  symptoms,  course  and  duration  of  the  illnesses  referred  to. 
The  *' stomach  cough''  and  "malaria''  of  the  consumptive  are  familiar  to 
ali  practitioners.  In  the  matter  of  hereditary  and  family  tendencies  to 
disease  the  examination  must  be  conducted  with  great  čare.  It  is  no 
uncommon  thing  for  patients,  even  those  who  are  well  informed  and  intel- 
ligent,  to  deny  the  existence  of  malignant  disease,  chronic  nephritis,  a 
tendency  to  tuberculosis,  and  the  hke,  when  careful  inquiry  or  the  inde- 
pendent  statements  of  their  friends  render  the  occurrence  of  these  diseases 
in  the  family  in  the  highest  degree  probable.  A  patient  will  affirm  that 
no  čase  of  consumption  has  ever  occurred  m  his  f amily,  and  upon  cautious 
ouestioning  admit  that  his  father  or  mother  or  other  near  relative  sufFered 
from  chronic  cough,  abundant  expectoration,  blood-spitting,  and  progressive 
emaciation.  An  epUeptic  will  deny  the  occurrence  of  nervous  diseases. 
and  8ub8equently  admit  that  near  relations  have  presented  the  s^-mptoms 
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of  hy8teria  or  neurasthenia  or  been  insane.  Patients  very  often  withhold 
in  the  presence  of  a  nurse  or  other  attendant  important  facts  that  tbey 
williiigly  communicate  to  the  physician  alone. 

RECORDS. 

Records  should  be  kept  in  private  as  well  as  in  hospital  and  dispensary 
practice.  How  fuU  these  should  be  will  depend  upon  the  physician's 
estimate  of  the  importance  of  the  individual  čase.  Their  preparation 
demands  close  attention,  concise  statements,  and  accuracy.  They  consti- 
tute  a  permanent  store  of  professional  experience  for  future  reference  and 
8tudy.  They  are  of  great  value  in  the  review  of  the  history  of  patients 
previously  seen,  as  an  aid  in  comparing  one's  personal  observations  with 
those  of  the  profession  at  large,  in  the  preparation  of  articles  for  publica- 
tion,  and  not  infrequently  as  bearing  upon  medico-legal  cases.  They  should 
be  preserved  in  accordance  with  a  uniform  plan  in  books  prepared  for  the 
purpose,  or  preferably  upon  cards  of  convenient  dimensions  arranged  in 
cabinets,  in  the  same  manner  as  the  index  catalogues  used  in  libraries. 
Uniformity  is  important.  It  prevents  the  oversight  of  significant  facts 
and  facilitates  the  comparison  of  cases.  The  following  scheme  is  suggestive; 
it  may  be  modified  in  accordance  with  individual  view8: 

5CHEME  FOR  ČASE  RECORDS. 

Čase  record  number Diagnosis Revise Result 

Admitted Discharged (In  hospital  patients). 

Dale  of  ezamination 

Name Age Sex Race Plače  of  birth Present 

tbode Former  occupation Present  occupation Social  state 

Married,  single,  widowed. 

Anamnesis. 

1.  Familt  Hi8tory:  Hereditary  tendencies;  health  of  paren ts,  brothers  and  sisters; 
deathfl  in  famiiy— cause,  age. 

2.  Pkrsonal  Historv:  (a)  Diseases  of  childhood;  (b)  menstruation;  (c)  preg- 
Dancies,  miscarriages,  date  of  last  confinement;  (d)  previous  illnesses  or  injuries;  (e)  habits 
— regularity  of  meals,  kind  of  food,  method  of  eatine;  bowel8;  sleep;  habitual  or 
occasional  physical  or  men  tal  overexertion;  tobacco;  alconol;  narcotics. 

3.  Present  Illness:  (a)  Date  of  onset;  supposed  exciting  cause;  expo6ure  to  con- 
tagion;  prodromes;  initial  symptoms;  course  of  the  attack;  previous  treatment.  (b) 
Antecedent  derangements  of  health  not  amounting  to  positive  disease,  appetite,  pain, 
cough,  diaturbances  of  sleep,  headache,  etc. 

Status  Pr^sens. 

A.  General  Appearance:  £xpres8ion,  height  and  weight,  musculature,  bonv 
itructure,  panniculus  adiposus;  posture  in  bed;  movements,  gait  and  station  out  of  bed; 
temperature;  puise;  respiration;  color  and  condition  of  the  skiu;  perspiration;  oedema; 
eruptions;  p6ychical  condition;  sensations  and  complaints;  delirium;  convulsions, 
•tupor;  coma. 

B.  Particular  Phenomena:  Symptom8  and  signs  relating  to  special  structures, 
organs  and  functions. 

1.  The  Digeative  Apparatus:  Inspection  of  the  mouth,  tongue  and  gums;  tonsils 
and  pharyiix;  palpation  oi  the  abdomen,  its  form  and  contour,  visibie  peristalsis,  tender- 
Deas  upon  pressure.  resistance,  tumors;  percussion  and  palpation  of  the  stomach  and 
intettinea,  kver,  gall-biadder,  spleen;  inspection  of  vomited  matters  and  fsBCcs. 

2.  llie  Cireulatory  Apparatus:  Inspection  and  palpation  of  the  cardiac  area;  visibie 
tnd  palpi^le  puLuition;  tnrill;  precordial  prominence:  position  of  the  apex;  percussion 
md  atMeultatlon  of  the  heart;   the  pul8e-frequency,  rhythm,  fulness,  tension;  condition 
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of  wall8  of  arteries;  venoua  pulsation;  capillarj  pulse;  liver  pulsation;  auscultation  of 
the  arteriefl  and  veins;  arterial  pressure,  mazimal  and  minimal;  examination  of  the 
blood,  etc. 

3.  The  Respiratorj  Apparatus:  Noše,  mouth,  and  larynx;  oough  and  expectora- 
tion;  chest  and  lungs — character  of  the  respiraUon,  d^spnoea,  stridor,  Cheyne-Stoke9 
respiration;  contour  of  the  thorax;  locai,  lateral  or  bilateral  retraction  or  ezpanaion; 
respiratorj  eicursus ;  f remitus ;  local  and  general  phydcal  signs  obtained  by  percusslon, 
auscultation,  and  mensuration ;  the  CTrtometer. 

4.  The  Genito-Urinarj  Apparatus:  Palpation  of  the  kidnejs  and  bladder;  percuasion 
of  the  bladder ;  retention  of  urine ;  suppression ;  f requency  of  micturition ;  pain ;  quantity 
of  urine;  total  amount  for  twenty-foUr  hours;  diaturbance  at  night;  chemical  and  micro- 
scopic  ezamination  of  the  urine;  eezual  organe;  the  prostate. 

5.  The  NervouB  Sjstem:  Intelligence ;  mental  state;  subjective  Rensations;  sleep, 
gait,  station,  reflexe8,  tremor,  convulsions,  spastic  conditions,  paraljsis;  aphasia  ami 
other  disorders  of  speech ;  derangements  of  sensation ;  the  organs  of  special  sense. 

6.  The  Osseous  Sjstem — Bones  and  Joints :  General  and  local  changes  in  the  skeleton ; 
cranium,  spine,  thorax,  pelvis,  long  bones,  estremities;  striking  deformities;  the  joints; 
size  and  shape,  color,  pain,  degree  of  impairment  of  function,  fixation,  disint^gration. 

7.  The  Tegumentary  Sy8tem:  Itchmg,  buming,  tension,  pain,  inflanimatory  phe- 
nomena;  presence  and  character  of  eruptions,  macular,  papular,  vesicular,  pustular; 
uniformity;  poIyniorphi8m ;  hypertrophy  and  atrophy;  cicatrioes;  pigmentary  changes; 
animal  and  vegetable  parasites;  subcutaneous  structures;  enlargement  or  atrophy  of 
thyToid  body;  lymph  nodes;  constitutional  disturbances. 

Diagnosis ;  Prognosis ;  Treatment ;  Sub8equent  observations. 

The  results  of  special  elinieal  and  laboratory  examinations  are  to  be 
ineorporated  under  the  appropriate  headings.  Among  these  are  rhinoscopic 
and  laryngoseopiey  ophthalmoscopic  and  otoseopic  examinations ;  hsmato- 
logric  investigations ;  the  chemical  and  microscopic  examination  of  the  gas- 
tric  contents,  vomited  material,  and  the  stools;  of  expectorated  matters; 
bacteriologic  examinations  of  the  blood,  sputum,  secretions,  exudateSy  etc, 
by  the  methods  of  stainin^,  culture,  and  inoculation;  examination  of  the 
rectum  by  the  finger,  the  speculum,  and  by  inflation;  cy8to8Copy;  special 
examination  of  the  genital  organs  in  both  sexes,  examination  of  the  floids 
obtained  by  exploratory  puncture,  and  examination  by  the  X-rays,  etc. 

In  febrile  cases  temperature  charts  should  be  preserved  with  the 
records,  and  superficial  deformities,  as  swelling  or  retraction,  as  well  as 
changes  in  the  viscera  revealed  by  the  various  methods  of  diagnosis,  may 
be  indicated  upon  outline  elinieal  diagrams  and  ineorporated  in  the  notes. 
Changes  of  contour,  glandular  enlargements  and  topographical  lesions, 
such  as  local  consolidations  and  cavity  formation  in  the  lungs,  cardiac 
dilatation  or  hypertrophy,  pleural  and  pericardial  effusions  and  the  result- 
ing  displacement  of  adjacent  viscera,  enlargement  of  the  liver  and  spleen. 
dilatation  of  the  stomach  and  displacement  of  the  abdominal  organs  may 
in  this  manner  be  more  or  less  accurately  delineated.  The  location  of  tumors, 
circumscribed  exudates,  and  other  foci  of  infection  may  also  be  indicated,  and 
in  the  čase  of  the  nervous  system  the  extent  and  distribution  of  areas  of 
disturbance  of  sensation  and  other  phenomena. 

Some  further  explanation  of  the  bearing  of  the  facts  noted  in  the 
anamnesis  upon  the  mental  processes  by  which  a  diagnosis  is  reached  may 
be  of  service  to  the  študent. 

Age, — The  age  is  important  Each  period  of  life  has  it«  peculiar 
su8ceptibility  tq  morbid  influences.  In  the  new-bom,  congenital  defects, 
the  results  of  the  accidents  of  parturition,  diseases  arising  from  faulty 
management  of  the  cord,  those  directlj  transmitted  from  the  mother, 
and  those  produced  hj  improper  diet  and  unhygienic  surroundings  are 
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In  childhood,  anatomical  peculiarities  of  the  ^rowiiig  organism 
and  the  aensitiveness  of  phyaiological  proeesses  to  external  influences  give 
rise  to  special  predispositions  to  disease.  Thus.  the  ready  proliferation 
of  the  lymph  tissues  explains  the  frequent  occurrence  of  re3piratory 
obstruction  in  the  nasopharynx  frora  adenoid  hypertrophy,  while  the 
iiarrownes8  of  the  larynx  accounts  for  the  gravity  of  catarrhat  and  infective 
proceases  involving  that  organ,  and  the  great  vascularity  and  rapid  over- 
growth  of  the  epithelium  of  the  bronchi  when  irritated  explain  the  peculiar 
liability  of  children  to  bronchitis  and 
bronchopneumonia.   In  the  instabilitv 
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of  the  nervoos  ey8tein  in  children  we  find  a  ready  explanation  or  their 
liability  to  fever,  iia  high  range  and  rapid  fluctuations,  and  to  various 
reflex  disturbancea,  and  in  the  absence  of  acquired  iinmunity,  an  explana- 
tion  of  the  wide  prevalence  among  them  of  the  transmiasible  infections,  as 
the  ezantheciata,  which  are  spoken  of  as  the  diseases  of  childhood.  In 
adolescence,  hereditary  predispositions  begin  to  show  themselves,  as  in 
the  occurrence  of  tuberculosia  and  of  epilep8y  or  other  nervous  affections. 
The  late  8equels  of  infantile  diseases,  as  chronic  valvular  trouble  following 
rheumatic  endocarditis,  or  chronic  nephritis  sub3equent  to  scarlatina, 
often  now  appear.  Changes  in  the  environment  of  the  individual  subject 
him  to  special  pathogenic  influences,  and  pleuri8y  with  or  without  effusion. 
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pneumonia,  and  enteric  fever  are  common.  The  middle  period  of  life  is 
especially  prone  to  diseases  that  result  from  occupation,  examples  of  which 
are  lead  intoxication,  caisson  disease,  and  scrivener's  palsy,  to  those  which 
result  from  the  habitual  use  of  narcotics,  as  gastric  catarrh,  hepatic  cir- 
rhosis,  and  alcoholic  neuritis,  to  those  resulting  from  the  stress  of  life  and 
anxiety,  among  which  may  be  named  cardiac  hypertrophy,  the  neuras- 
thenias  and  other  nervous  diseases  and  insanity.  It  is  in  this  period  that 
hereditary  and  acquired  tendencies  to  sclerotic  changes  in  the  vessels 
and  in  the  nervous  system  begin  to  develop  and  that  diabetes  and  the 
paroxysms  of  gout  commonIy  first  show  themselves.  Later  in  life  the 
indications  of  progressive  degenerations  become  more  marked.  The 
wrinkled  skin,  the  failing  sight  and  hearing,  the  feeble  heart.  winter  cough, 
and  renal  inadequacy  are  the  indications  of  sclerotic  and  nutritive 
changes  which  are  more  apparent  in  the  rigid,  tortuous,  or  atheromatous 
superficial  arteries.  This  is  especially  the  period  of  apoplexy,  chronic 
bronchitis,  diabetes,  cystitis  from  hypertrophied  prostate,  Parkinson^s 
disease  and  the  special  infections,  erysipelas  and  pneumonia,  which  are 
frequently  terminal  events.  In  general  terms  the  evolution  of  life  is 
the  period  of  infections.  the  involution  the  period  of  degenerations; 
but  in  pathology  age  cannot  be  measured  by  years,  and  the  signifi- 
cant  saying  that  "a  man  is  as  old  as  his  arteries"  has  become  a  modem 
medical  aphorism. 

Physiolos^cal  Epochs. — The  epochs  of  life  are  also  marked  by  special 
liability  to  disease.  Thus  at  the  first  dentition  nutritional  diseases  and 
gastro-intestinal  troubles  are  common;  at  puberty,  chlorosis  and  hysteria; 
at  the  menopause,  hysteria,  obesity,  and  arthritis  deformans.  It  is  to  be 
noted,  however,  that  the  maladies  of  these  physiological  epochs  are  not 
always  the  direct  result  of  functional  changes,  but  usually  the  outeome  of 
previous  morbid  conditions  or  tendencies. 

Sex. — Sex  is  likewise  important.  In  early  and  advanced  life  the  sexes 
are  equally  liable  to  disease.  Women  between  the  age  of  puberty  and  the 
menopause  are  exposed  to  the  danger  of  many  accidents  and  diseases  peculiar 
to  the  anatomical  and  physiological  development  connected  with  the  sexual 
life  and  child-bearing.  Consideration  of  these  matters  properly  belongs 
to  gyna?cology  and  midwifery.  Sedentary  living,  the  monotony  of  the 
household,  and  depressing  moral  influences  also  act  as  causes  of  disease 
in  women.  Hysteria,  neurasthenia,  and  special  forms  of  insanity  occur. 
These  peculiarities  do  not,  however,  carry  with  them  an  exemption  from 
other  pathogenic  influences,  and  among  the  peasantry  of  those  countries 
where  the  women  larn:ely  engage  in  the  same  occupations  as  the  men  they 
are,  in  addition  to  their  own  peculiar  disorders,  equally  liable  to  most  of  the 
maladies  which  affect  the  other  sex  and  nearly  to  the  same  extent.  In  more 
enlightened  districts  and  among  the  upper  classes  of  society  women  escape 
many  risks  of  disease  to  which  men  are  exposed.  In  the  male  sex  occupa- 
tion, exposure,  the  strenuous  life,  and  self-indulgence  are  common  causes 
of  disease,  hence  the  more  frequent  occurrence  of  plumbism,  farcy,  pneu- 
monia,  chronic  arthntis,  gout,  tabes,  and  alcoholism.  As  a  con8equenee, 
arteriosclerosis  and  atheroma  are  more  marked  in  men  than  in  women 
at  advanced  age. 
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Race  and  Nationality. — These  points  demand  consideration  in  the 
anamnesis.  The  peculiar  liabilitv  of  the  Hebrew  to  diabetes  and  neuras- 
thenia;  of  the  negro  and  mulatto  to  tuberculosis,  and  the  relative  immunity 
of  the  former  to  malaria  and  yellow  fever;  the  prevalence  of  beri  beri 
among  the  oriental  races,  of  leprosy  in  Scandinavia,  the  Sandwich  Tslands, 
and  the  West  Indies;  and  the  frightful  ravages  of  tuberculosis,  syphilis, 
and  alcoholism  among  the  Indians  of  North  America  are  well-known  facts. 

Nativity.  —  The  plače  of  birth  and  residence  frequently  shed  light 
upon  an  obscure  čase,  as  in  ill-defined  malaria,  the  malarial  cachexia, 
goitre,  cretinism,  and  leprosy.  A  knowledge  of  the  district  or  locality  of 
the  patienfs  present  residence,  the  situation  of  his  home,  its  sanitary 
conditions  and  surroundings,  the  source  of  the  water  supply,  and  the 
disposition  of  the  8ewage  may  shed  light  upon  the  diagnosis. 

Occupation. — The  occupation  of  the  patient  demands  careful  investi- 
gation.  The  habitual  over-use  of  certain  muscles,  and  exposure  to  particular 
irritants  or  poisons  or  an  atmosphere  laden  with  minute  mineral  or  metallic 
particles  or  chemicals,  or  to  infections  peculiar  to  certain  crafts,  cause  defi- 
nite  diseases.  Examples  of  such  affections  are  writer's  cramp,  anthracosis 
or  miner's  consumption,  chronic  phosphorus  poisoning  among  workmen 
engaged  in  the  manufacture  of  matches,  malignant  pustule  or  wool- 
8orter's  disease,  and  glanders.  It  is  necessary  to  inquire  carefully  into 
former  occupations  as  well  as  the  present;  thus  chronic  bronchitis  with 
bronchiectasis  may  have  had  its  origin  in  the  inhalation  of  the  dust  caused 
by  stone-cutting — an  occupation  long  abandoned  by  the  patient.  In  those 
occupied  in  professional  or  literary  work  functional  derangements  of  the 
stomach,  constipation,  and  insomnia  are  common.  Even  amusements 
may  be  the  cause  of  disease,  as  in  the  golfer^s  back  and  the  heart-strain  of 
the  athlete. 

Heredity.  —  The  family  history  has  a  very  important  bearing  upon 
the  diagnosis,  especially  in  chronic  diseases.  It  is  difficult  to  frame  a 
8atisfactory  definition  for  heredity,  but  we  know  that  traits  and  lineaments 
are  transmitted  from  parents  to  children  through  the  generations,  and 
we  occasionally  observe  in  a  son  who  has  his  mother^s  features  some  trick 
of  expression  that  makes  his  resemblance  to  his  father  for  the  moment 
almost  startling.  So  too  are  transmitted  from  one  generation  to  another 
tissue  peculiarities  and  constitutional  tendencies  to  disease.  The  inquiry 
into  the  family  history  must  be,  as  has  been  pointed  out  in  a  previous 
paragraph,  conducted  with  tact  and  caution.  Blunt  inquiries  in  regard 
to  *' consumption,"  "cancer,"  "Brighfs  disease/'  or  "insanity''  irritate 
the  patient  and  usually  elicit  vague  replies  or  absolute  denials.  A  patient 
should  be  asked  if  his  parents  are  living  and  in  good  health;  if  not  in  good 
heždth,  the  symptoms  and  duration  of  the  illness;  if  dead,  the  cause  of 
death  and  the  age  at  which  it  occurred.  He  should  be  questioned  as  to 
the  number  of  his  brothers  and  sisters,  their  health,  and  the  cause  of  any 
deaths  that  may  have  occurred  among  them.  It  is  very  important  to  learn 
whether  or  not  deaths  in  th^  f amily  have  been  the  result  of  acute  or  chronic 
disease.  The  inquiry  may  be  extended  to  the  preceding  generation  and 
coUateral  branches  of  the  family.  Diseases,  it  is  true,  are  conveyed  by 
hereditary  transmission,  but  their  number  is  comparatively  few.    Hsemo- 


46  MEDICAL  DIAGNOSIS. 

philia  is  a  strildng  example.    Syphilis  is  very  commonly  thus  transmitted. 
\Vhen  the  mother  has  contracted  an  acute  infection,  as  measles  or  enteric 
fever,  the  child  mav  be  bom  during  the  period  of  incubation  or  with  the 
svmptoms  of  the  disease  already  manifest.    A  number  of  nervous  diseases 
are  clearlv  hereditarv.     As  examples  may  be  mentioned  progressive  mus- 
cular  atrophy,  hereditary  chorea,  Friedreich's  ataxia,  and  migraine.     The 
definite  svmptoms  may  not  show  themselves  for  some  years  after  birth, 
in  some  cases  not  until  adult  life.     Much  more  commonly  it  is  the  pre- 
disposition  that  is  transmitted.    This  is  espeeially  the  čase  in  tuberculosis. 
The  peculiar  exposure  of  the  voung  infant  to  infection  from  a  tuberculous 
mother  and  the  length  of  tirne  that  the  tuberculous  lesions  in   many  in- 
stances  remain  localized  render  it  in  the  highest  degree  probable  that  the 
predisposition  to  tuberculosis  rather  than  the  disease  itself  is  hereditary. 
This  vie\v  is  confirmeil  by  the  results  of  pathological  and  bacteriological 
investigations.     The  direct  transmission  of  tuberculosis  from  the  mother 
to  the  fa^tus  in  the  human  being  is  of  uncommon  occurrence.    The  doc- 
trine  of  the  direct  hereilitarv  transmission  of  tuberculosis.  so  long  enter- 
tainevi  but  now  fortunatelv  abandoned,  was  a  stumbling  block  in  the  way 
of  the  recognition  of  the  infoctious  character  of  this  disease.     That  the 
preilispositiiui  rather  than  t  lic  disease  is  hereilitarv  is  also  true  of  cancer. 
The  occasional   occurrtMico  oi  chronic   Bright's  disease  in   nearlj'   every 
meiiil^r  of  a  faiuilv  in  t\vo  or  three  generations.  usuallv  first  showing  itself 
in  adolescence  or  earlv  adult  lifo.  nuist  l>e  attributeii  to  hereditarv  defects 
of  t  ho  riMial  and  vascular  tissues.  \vinle  faults  of  metabolism.  the  constitu- 
tional  tenilenov  to  \Yhioh  is  trausmitteii  from  father  to  son,  bear  a  direct 
etioK^gical   n^lation  to  gmit   and  its  :\ssociatevl  caniiovascular  and    renal 
changi^s.      The  dovelopiuent  oi  forms  of  insanitv  in  successive  generations 
of  a  familv.  usuallv  at  tho  physiologicjU  epochs  of  life.  often  not  until  late 
middlo  ai^\  musi  liko\vise  Ih^  attributinl  to  hereilitarv  defects  of  nervous 
auvl  iiionial  orjjaui kation. 

A  furthor  poouliaritv  iti  r\\i;ar\l  to  the  herevlitarv  transmission  of 
diseast*  is  to  Ih^  fouiul  in  its  diverso  manifest ations  among  various  members 
of  A  :a!v.ily.  Flie  radioal  dotVrt  or  susot^ptibilitv  mav  rind  expression  in 
patholoCA-al  o\>nditious  \\luii\  are  allitnl  but  which  have  wholly  difFerent 
sy:v.v:o!v-<.  Fhus  the  teudei\i  v  to  doraujjiHl  metaMism  and  arteriosclerosis 
i:;ay  :::  or.e  sho\v  ilM^lf  in  roniraottsl  kiviuey  and  hyjH^rtrophied  heart; 
in  a::o:her  i::  ».iisease  of  the  aoiia  or  atijjiua  iHVtoris:  in  a  third  in  gout[ 
renal  c;i\..i*.us  auvi  isravol.  or  >ot  cij^aiti  m  earlv  vvrebral  hemorrhage  or 
thrvn:.lvs<:>.  Tlie  !xe\u\»pail\io  ovMi^titvuu^ti  inay  r.iai>i:e#t  itself  in  one 
menilvr  o:  a  iannl>    ui  UMins  s»i  nouvakia.  nouras;het\ia.  or  hvsteria-  in 


another  ::i  the  vie\e:v-t*ineut  ot  cpilri^sN .  and  i-  .^  rhirvi  in  the  cuise  of 
hypvHhv*iidri:isis  or  iv.>as\n>.  Ihc  iiiuuS  susxvi^::l^::i:y  to  certain  infec- 
tilnis   :".iy    rx*\e;il  :^^^^lt   lu  vhtVttvi^.t    '.»uiiNiviu.iU  -i   !\v-rrvnt    attacks  of 


Immunitv   uiay   Iv  tian^min^Nl   b>    uihentaiuv  ;ifcs  w^  ^^  the  pre- 
dispoeition  to  diseAs^^,     » her»^  ari*  tauuh^  aiul  iuvlivulu^b  wbo  pasiw^  a 
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remarkable  natural  immunity  against  the  exanthemata.  This  is  espe- 
aally  true  in  regard  to  scarlet  fever.  When  we  consider  the  wide 
prevalence  of  pulmonary  tuberculosis  and  the  diffusion  of  its  cause  in  the 
^entres  of  population  and  certain  districts  and  houses,  and  the  f act  that  so 
large  a  proportion  of  individuals  and  families  constantly  exposed  to  the 
inhalation  of  an  atmosphere  containing  the  tubercle  bacilli  escape  the 
lisease;  the  common  existence  of  a  natural  immunity  which  is  frequently 
transmitted  by  inheritance  becomes  evident.  The  predisposition  to  tuber- 
culosis is  far  less  general  than  that  to  scarlatina  and  measles.  The  occur- 
rence  of  personal  peculiarities  and  morbid  tendencies  in  an  individual 
sehich  were  not  manifested  in  his  parents  but  existed  in  their  ancestors  is 
known  as  atavism.  In  rare  instances,  and  especially  in  cases  of  nervous 
iisease  and  insanity,  this  condition  is  important  in  the  anamnesis.  Curi- 
3U8  facts  in  regard  to  the  duration  of  life  are  occasionally  observed. 
rhere  are  families  in  which  in  successive  generations  few  members  survive 
bhe  early  middle  period  of  life.  In  such  instances  death  is  very  often 
Jue  to  an  acute  disease  not  always  the  same.  On  the  other  hand,  ali  the 
members  of  certain  families  reach  an  advanced  age,  the  exceptions  being 
wrhere  death  is  due  to  accident  or  violence. 

Medical  History. — The  personal  history  is  essential  to  a  diagnosis 
in  the  broad  sense.  A  knowledge  of  the  significant  facts  in  the  past  life 
of  the  patient  may  clear  up  a  doubtful  čase.  The  present  disease  mav  be 
a  late  sequel  of  some  previous  illness,  as  bronchitis  or  emphysema  after 
whooping-cough,  or  an  obscure  manifestation  of  one  of  the  exanthemata 
which  the  patient  escaped  in  childhood,  as  scarlatina  in  the  adult  with 
fever  of  moderate  intensity  and  an  irregular  patchy  eruption,  or  it  may 
be  the  expression  of  a  peculiar  constitutional  susceptibility,  as  tonsillitis, 
rheumatic  fever,  or  chorea,  from  which  the  patient  has  suffered  on  previous 
occasions.  In  this  connection  it  is  to  be  borne  in  mind  that  many  of 
the  acute  infectious  diseases,  and  especially  the  exanthemata,  result  in 
an  acquired  immunity  which  usually  lasts  throughout  life,  hence  second 
attacks  are  exceedingly  infrequent,  while  the  immunity  conferred  by  other 
infections,  for  example  rheumatic  fever,  erysipelas,  croupous  pneumonia, 
and  diphtheria,  is  incomplete  and  of  limited  duration,  so  that  many  individ- 
uals sufifer  from  repeated  attacks  of  these  diseases.  In  acute  febrile  attacks 
and  in  the  presence  of  epidemics  careful  inquiry  as  to  exposure  to  the 
contagion  must  be  made.  The  period  of  incubation  and  the  occurrence  of 
prodromal  symptoms  are  to  be  taken  into  consideration.  In  women 
Bibnormal  menstruation,  the  accidents  and  diseases  of  pregnancy,  the  occur- 
rence of  miscarriages,  too  frequent  child-bearing  and  prolonged  lactation 
[nay  be  the  cause  of  serious  impairment  of  health  or  of  actual  disease. 
Fhese  matters  must  be  carefully  inquired  into.  In  exceptional  cases, 
Mpecially  in  aggravated  and  intractable  functional  nervous  diseases,  it 
t)ecomes  necessary  to  inquire  more  closely  into  the  sexual  life  of  the  patient. 
The  investigation  must  be  conducted  with  great  delicacy  and  discretion. 
The  part  played  by  vicious  practices  and  excesses  in  the  production  of  such 
liseases  must  be  ascertained.  It  is  necessary  also  to  learn  whether  or  not 
^he  patient  has  suflfered  from  venereal  infection,  the  date  of  its  occurrence, 
^he  nature,  character,  and  duration  of  the  primary  symptom8,  the  presence 
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or  absence  of  secondary  lesions,  and  the  treatment.     Gonorrhoea  is  not 
always  merely  a  local  affection.    The  frequency  with  which  it  is  followed 
by  stricture  is  well  known,  but  the  symptoms  of  the  latter  condition  may 
first  show  themselves  after  the  lapse  of  years.     Local  abscess  formation, 
acute    and    chronic    cystitis   and    pyelitis   aiso    occur.      The   immediate 
recognition  of  the  specific  nature  of  gonorrhoeal  ophthalmia,  whether  in 
the  new-bom  or  in  the  adult,  is  a  matter  of  overwhelniing  importance.   The 
diagnosis   of   many   a   čase  of  disabling  and  stubborn  arthritis  is  made 
clear  by  a   knowledge  of  gonorrhceal  infection.     Nor  is  the   fact  to  be 
overlooked  that  endocarditis,  both  in  its  benign  and  malignant  forms,  may 
be  a  8econdary  process.    In  women  the  history  of  primary  gonorrhcBa  is 
very  often  obscure.     Tubal  disease  and  other  pelvic  inflammations,  only 
to  be  relieved  by  the  knife  of  the  gynaBcologist,  are  common  results  of  the 
extension  of  the  infection.     A  dissolute  life  on  the  part  of  the  patient  is 
presumptive  evidence  of  the  nature  of  the  process.     There  is  also  gonor- 
rhoea insontium ;  a  virtuous  wife  may  suffer.    The  protean  manifestations 
of  8yphilis  are  to  be  borne  in  mind.    The  symmetrical  arrangement  and 
8equence  of   the  early  cutaneous  lesions,  their  later  polymorphism   and 
irregular  distribution,  the   buccal  and    anal    mucous    patcheS;  the    ade- 
nopathy,  the   obscurity   of   the   visceral   and    nervous   phenomena,  their 
irregularity  and  chronicity,  are  ali  to  be  considered  in  the  diagnosis  of  an 
obscure  čase.    The  presence  of  the  specific  organism — spirochseta  pallida — 
is  conclusive.    Where  syphilis  is  suspected  in  a  family,  we  must  inform 
ourselves  as  to  whether  or  not  a  mother  has  aborted,  especially  in  her 
early  pregnancies,  or  has  had  later  a  series  of  abortions  or  still-born  children, 
and  as  to  snuffles  and  cutaneous  eruptions,  especially  on  the  buttocks, 
in  her  new-born  children,  and  corneal  opacities,  interstitial  keratitis,  Hut- 
chinson's  teeth,  and  arrested  development  or  nervous  diseases  in  those  who 
have  survived.     Nor  must  the  physician  overlook  the  fact  that   many 
ihnocent  persons  contract  syphilis.     Not  only  the  blameless  wife  but  also 
the  unsuspecting  girl,  from  the  kiss  of  her  betrothed,  may  become  the 
victim  to  this  disease,  while  the  methods  of  accidental  inoculation  are 
innumerable.    Familiar  examples  are  to  be  found  in  the  chancre  upon  the 
hand  of  the  surgeon  or  accoucheur,   or  upon  the  lip  or  tongue  of  the 
incautious  borrower  of   a  pipe  from  an  infected  friend.     When  matters 
of  this  kind  concern  members  of  a  family,  the  phy8ician  cannot  be  too 
guarded  in  respect  to  the  way  in  which  his  questions  are  framed  or  in 
his  statements  to  a  husband  or  wife.     Suggestive  questioning  or  injudicious 
statements  may  seriously  aggravate  existing  troubles.     If  definite  commimi- 
cations  become  necessary,  his  knowledge  of  the  circumstances  will  enable 
him  to  decide  whether  it  is  best  personally  to  assume  the  whole  responsi- 
bility  or  to  invite  a  coUeague  of  high  reputation  to  share  it  with  him. 

The  history  of  a  surgical  operation  and  the  conditions  which  led  up 
to  it,  as  well  as  its  results,  are  important.  The  patient^s  present  condition 
fliay  be  due  to  a  recurrence  of  the  original  trouble,  or,  as  in  the  čase  of  an 
abdominal  operation,  to  the  development  of  adhesions  or  constricting  bands. 

Personal  Habits.— The  habits  must  be  closely  studied.  Important 
information  bearing  upon  the  diagnosis  may  often  be  obtained  by  diieotr 
ing  the  patient  while  continuing  his  ordinary  method  of  living  to  keep  a 
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record  of  the  hours  at  which  his  meals  are  taken,  the  kind  and  quantity 
of  food  and  drink,  the  action  of  his  bowels,  the  hours  and  character  of 
sleep,  and  his  various  occupations  and  amusements,  which  may  be  sub- 
mitted  at  a  subsequent  consultation.  The  causal  relation  of  improper 
clothing  to  bronchopulmonary  affections,  of  badly  regulated  work  and 
sleep  to  neurasthenic  conditions,  of  injudicious  or  irregular  eating  to  gastro- 
intestinal  troubles,  of  the  abuse  of  alcohol  to  nervous  diseases  and  cirrhosis 
of  the  liver,  of  excess  in  tobacco  to  irritable  heart  and  amblyopia;  will 
guide  us  in  the  inquiry.  Late  hours  and  dissipation,  in  fact  ali  matters 
which  enter  into  consideration  from  the  stand-point  of  the  moral  hazard 
of  the  insurance  companies,  have  a  most  important  bearing  upon  diagnosis. 

Present  Illness. — The  history  of  the  present  illness  must  be  system- 
atically  investigated  and  its  symptoms  recorded  in  chronologičal  order 
from  the  onset  to  the  time  of  the  patienfs  coming  under  observation. 
It  is  important  to  learn  if  possible  the  effect  of  treatment.  The  disap- 
pearance  of  a  rash  after  mercurials  or  the  subsidence  of  headache  after 
continued  large  doses  of  the  iodides  constitutes  presumptive  evidence  in 
favor  of  syphilis.  The  failure  of  quinine  to  prevent  the  recurrence  of  chills 
renders  the  diagnosis  of  malaria  improbable,  or  of  the  proper  administra- 
tion  of  suitable  preparations  of  iron  in  full  doses  to  correct  the  palior, 
breathlessness  upon  exertion,  knd  headache  of  a  highly  ansemic  young 
MToman  militates  against  the  diagnosis  of  chlorosis.  Much  allowance  must 
be  made  for  the  statements  of  patients  both  as  regards  the  symptoms  of 
the  illness  and  their  reports  of  previous  treatment  and  the  opinions  of 
phvsicians  whom  they  may  have  consulted.  In  many  cases  the  unravelling 
of  a  diffuse  and  inconsequent  8tory  can  only  be  accomplished  by  the  exer- 
cise  of  skill  and  patience.  On  the  other  hand,  the  history  communicated 
by  intelligent  persons  is  often  curiously  succinct  and  clear.  Frequently 
by  feason  of  the  patient^s  mental  condition  no  account  of  the  illness  can 
be  obtained.  In  some  cases  it  often  happens  that  very  little  information 
can  be  gleaned  from  the  bystanders.  In  hospital  practice  the  admission 
of  ambulance  cases  gravely  ill,  of  whose  previous  condition  nothing 
whatever  can  be  learned,  is  a  matter  of  daily  occurrence. 

Duration. — Of  first  importance  is  a  knowledge  of  the  duration  of 
the  illness,  since  it  enables  us  at  once  to  form  an  opinion  as  to  whether  the 
disease  should  be  referred  to  one  or  the  other  of  the  two  general  groups 
of  acute  or  chronic  maladies.  The  fact  is,  however,  not  to  be  overlooked 
that  acute  8ymptoms  may  be  the  manifestation  of  an  unsuspected  chronic 
affection,  as  sudden  loss  of  vision  or  convulsions  in  nephritis,  angina  pectoris 
in  disease  of  the  heart  and  aorta,  or  perforation  phenomena  and  peritonitis 
in  peptic  ulcer  of  the  stomach  and  duodenum.  The  mode  of  onset  next 
demands  our  attention.  In  chronic  cases  we  seek  information  as  to  whether 
the  present  illness  developed  insidiously  or  abruptly  upon  a  condition  of 
previous  good  health,  or  followe(l  an  acute  illness,  and  whether  its  course 
bas  been  gradual  and  progressive  or  interrupted  by  periods  of  improve- 
tnent;  in  acute  cases  whether  the  attack  developed  insi(liously,  as  in  the 
eaae  of  enteric  fever,  or  abruptly,  as  in  influenza  or  tvpical  croupous  pneu- 
monia,  and  whether  or  not  prodromes  occurred.  It  is  next  in  order  to 
uoertain  the  prominent  symptoms  of  the  disease,  the  region  or  organ 
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to  which  they  have  been  referred,  whether  they  have  been  continuous^ 
intermittent,  or  paroxysmal,  and  any  changes  in  the  patienfs  appearance 
or  condition,  of  which  he  may  or  may  not  be  aware,  that  have  attracted 
the  attention  of  his  friends.  Finally,  important  Information  is  often  reached 
by  due  consideration  of  the  views  of  the  patient  or  others  relating  to  the 
cause  of  his  illness. 

Status  Prfiesens. — The  investigation  of  the  present  condition  of  the 
patient  must  also  be  conducted  in  an  orderly  and  sy8tematic  manner. 
The  subjective  sensations  are  carefully  considered.     No  complaint  of  the 
patient,   however  trifling,   is  to   be  wholly  disregarded.     The   objective 
symptoms  must  be  studied  with  equal  čare.    Every  fact  is  to  receive  proper 
consideration.     Due  regard  must  be  paid  to  the  feelings  of  the  patient. 
Abruptness  and  ali  appearance  of  haste  or  harshness  are  to  be  avoided. 
The  interview  must  not  seem  too  business-like.     The  clothing,  whether 
in  the  consulting  room  or  at  the  bedside,  must  be  so  arranged  as  to  f  acilitate 
the  examination.     No  physical  exploration  of  the  thoracic  or  abdominal 
organs  can  be  made  without  proper  access  to  the  regions  to  be  studied; 
mistakes  from  a  disregard  of  this  rule  are  of  daily  occurrence.    In  diseases 
of  the  heart,  lungs,  or  great  vessels  it  is  necessary  to  inspect  the  uncovered 
chest;    palpation  must  also  be  performed  upon  the  bare  surface;    per- 
cussion  and  auscultation  upon  the  bare  skin*  or  more  conveniently  in  most 
cases  through  a  towel  or  the  single  laver  of  a  smooth  under-vest.    In  order 
that  the  influcnce  of  gravity  upon  the  abdominal  viscera  may  be  learned 
or  to  study  the  station  and  gait,  the  patient  must  rise  from  bed.    If  there 
are  symptoms  referable  to  the  spine,  the  clothing  must  be  removed  and 
the  patient  examined  in  the  erect,  sitting,  or  recumbent  posture,  in  the  last 
instance  not  in  bed  but  upon  the  firm,  smooth  surface  of  a  suitable  table; 
the  effect  of  various  movements  is  studied  and  the  condition  of  the  muscles 
and  joints.     Accurate  measurements  of  parts,  preferably  in  centimetres, 
are  essential  where  there  is  a  departure  from  normal  standards  or  asym- 
metry.     We  measure  and  note  the  circumference  of  the  head  in  hydro- 
cephalus,  the  chest  on  quiet  breathing,  on  full  held  inspiration  and  on 
forced  expiration,  its  lateral  circumferences  for  comparison,  its  contour 
by  means  of  the  cyrto meter,  and  we  may  measure  diameters  of  the  head 
and  chest  by  means  of  calipers.     It  frequently,  especially  in  the  čase  of 
ascites  and  tumors,  is  desirable  to  take  the  circumference  of  the  abdomen 
The  muscles  in  relaxation  and  contraction  are  studied  by  the  hand  and 
one  side  is  compared  with  the  other.    Where  necessary  the  circumference 
of  the  limbs  is  measured  at  the  same  level  upon  the  two  sides.     Where 
8ymptoms  relating  to  the  brain  or  spinal  cord  dominate  the  clinical  picture, 
the  examination  must  be  made  with  especial  attention  to  the  details  bear- 
ing  upon  the  localization  of  the  lesions.    Specimens  of  the  urine  must  be 
obtained  for  examination  as  a  matter  of  routine  in  ali  cases.    The  diagnosis 
of  obscure  conditions,  the  symptoms  of  which  are  referred  to  the  nervous 
Bystem,  digestive  organs,  or  general  condition  of  the  patient,  frequently 
depends  upon  the  result.    The  discovery  of  chronic  disease  of  the  kidneys 
or  the  presence  of  sugar  in  the  urme  as  the  outcome  of  investigations  made 
upon  application  for  life  msurance  is  a  matter  of  very  common  occurrence 
in  middle-aged  men  who  regard  themselves  as  in  excellent  health. 


EXAMINATION  OF  PATIENT  AND  CASE-TAKING.  61 

In  general  the  examination  should  be  methodically  conducted  in  accord- 
ance  with  the  foregoing  scheme,  prominence  being  given  in  the  record  of 
the  čase  to  the  symptom-complex  which  bears  directly  upon  the  diagnosis. 

Abbreviatlons. — Time  and  space  may  be  saved  in  case-taking  by  the 
use  of  abbreviations.     Thus: 

f  &  ml  &  w — father  and  mother  living  and  well. 

6  3;  2dininfancy;  \liScw — three  brothers;  two  dead  in  infancy; 

one  living  and  well. 
«2;  1  d  ail  scfever;  \  at  \0  acuie  nephritis. 
w  &  8  till  18  then  eni  fever;  I  crural  phlebitis;   das  stk  stili — well 

and  strong  till  18,  then  enteric  fever;  followed  by  left  crural 

phlebitis;  stili  wears  elastic  stocking. 
Epigast  pain  p  c;  occas  t^;  blood  12  mos  &  1  vio  ago — Epigastric 

pain   after   food;     occasional   vomiting;     hamatamesis   one 

year  and  again  one  month  ago. 
D  r  u  a;  def  expn;   br-vesic  resp;   crep  rhles — Dulness  right  side 

upper    lobe,     anteriorlv;      deficient     expansion;      broncho- 

vesicular  respiration;    crepitant  rdles. 
Tend  r  I  g;  dre  D;  Sd  d  of  aitack;  n  &  v;   T.  101® — Tenderness 

in  right  lower  quadrant;    circumscribed  dulness;    third  day 

of  attack;    nausea  and  vomiting. 

Many  similar  abbreviations,  at  once  familiar  to  the  writer  and  intel- 
ligible  to  any  trained  clinician,  will  suggest  themselves. 

Murmurs  may  be  shown  on  the  clinical  diagrams  (Figs.  27  and  28) 
by  stippling  or  washes,  the  point  of  maximum  intensity  being  most 
deeply  colored  and  the  direction  of  propagation  shown  by  an  arrow; 


\. 


or  more  simply  by  a  many-pointed  star  to  inditate  the  point  of  maximum 
intensity  and  an  arrow  the  direction;  thus 


These  signs  should  be  dravvn  in  a  different  color  from  that  of  the 
ground  plan,  red  if  the  latter  is  black,  or  vice  versa, 

Dulness  may  be  indicated  by  eross  hatching;  its  degre.3  by  closeness 
of  the  mesh;  thus 


lielmtive  dulneu.  Marked  duln< 

Flatness  by  solid  color;  thus 
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R&les  by  dots,  their  size  and  abundance  corresponding  to  the  phy8- 
ical  signs;  thus 


-•»«'*"••  ••••••. 


CrepiUnt.  SubcrepiUnt.  Small  muoous.  Large  muoous. 

Cavities  by  irregularly  outlined  spaces;  thus 

<30(7 

Friction   sounds   by   zigzags,   the   extent   and   coarseness  of  which 
indicate  the  distribution  and  intensity  of  the  rub;  thus 
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The  Clinical  History. — The  result  of  the  foregoing  systematieally  con- 
dueted  examination  of  the  patient  is  known  as  the  clinical  history.  It  con- 
sists  of  four  parts  and  is  comprised  under  the  following  corresponding  sub- 
headings : 

1.  Anamnesis. — The  account  given  by  the  patient  or  his  friends  of  the 
history  of  his  čase  up  to  the  tirne  of  the  examination. 

2.  Status  Pilesens. — A  record  of  the  results  of  the  objective  exaniina- 
tion  by  clinical  and  laboratory  methods. 

3.  Catamnesis  (Barker). — The  histor>'  of  the  patient 's  illness  from 
the  time  of  the  examination,  comprising  the  facts  in  the  course  of  the  disease 
and  the  details  of  treatment. 

4.  Epicrisis. — A  methodical,  critical  jud«rment  or  review  of  the  čase 
with  the  discussion  of  questions  arising  from  its  consideration,  especially  as 
to  the  result  of  treatment  or  surgical  operation  or  the  post-mortem  findings 
in  čase  of  death. 


PART   II. 

OF  THE  METHODS  AND  THEIR  IMMEDIATE  RESULTS, 


I. 
MEDICAL  THERMOMETRY. 

The  art  of  taking  and  recording  the  temperature  of  the  body  is  called 
medical  thermometry.  The  instruments  used  are  known  as  clinical 
thermometers.  They  are  marked  off  in  degrees  upon  the  glass,  and  each 
degree  is  subdi\aded  into  fifths,  so  that  the  readings  may  conveniently 
be  recorded  in  fractions  of  the  decimal  8ystem.  The  thermometers  com- 
monly  used  in  the  United  States  and  Great  Britain  are  marked  in  degrees 
of  Fahrenheit* 8  seale;  those  used  in  Europe  are  graduated  aceording  to  the 
Ceniigrade  seale.  The  seale  of  RSaumur  is  rapidly  going  out  of  use,  but  is 
stili  employed  in  some  parts  of  Europe.  On  the  seale  of  Fahrenheit  the 
distance  through  which  the  mereury  rises  from  zero  to  the  boiling-point  of 
water  is  divided  into  two  hundred  and  twelve  degrees,  of  which  the  thirty- 
second  marks  the  melting-point  of  ice.  Between  the  melting-point  of  ice 
and  the  boiling-point  of  water  there  are  one  hundred  and  eighty  degrees 
(32^4-180^  =  212^  F.).  The  melting-point  of  ice  is  taken  as  zero  in  the 
Centigrade  seale  and  in  that  of  R^aumur,  but  in  the  Centigrade  the  boiling- 
point  of  watcr  is  at  one  hundred  (100®  C),  while  in  R^aumur's  it  is  at 
eighty  (80®  R.).    The  relation  of  the  three  scales  to  each  other  is,  therefore, — 


P. 

9 


C. 
6 


R. 
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To  convert  recordings  of  the  Fahrenheit  seale  into  Centigrade  degrees, — 
Subtract  32,  multiply  by  5,  and  divide  by  9;  thus:  98.6  —  32-66.6x6 

-  333.0  -^  9  =  37.    That  is,  98.6®  F.  =  37®  C. 

To  convert  Centigrade  degrees  into  Fahrenheit  degrees, — 

Multiply  by  9,  divide  by  5,  and  add  32;   thus  37X9  =  333^5  =  66.6  + 

32  =  98.6.     That  is,  37®  C.  =  98.6®  F. 

The  Centigrade  seale  is  more  convenient  than  that  of  Fahrenheit, 

and  many  physicians  in  this  country  prefer  to  use  it.    The  following  table 

of  approximate  equivalents  may  prove  of  use: 


96.(f  F.-35.5*»C. 

101.3°  F. -38.5°  C. 

106.7°  F. -41.5°  C. 

96.8*  F. -36.0°  C. 

102.0°  F. -38.9°  C. 

107.0°  F. -4 1.6°  C. 

97.8*»  F. -36.0°  C. 

102.2°  F. -39.0°  C. 

107.6°  F. -42.0°  C. 

08.0°  F. -36.6°  C. 

103.0°  F. -39.4°  C. 

108.0°  F. -42.2°  C. 

98.6°  F. -37.0°  C. 

ia3.1°F.-39.5°C. 

108.5°  F. -42.5°  C. 

99.0°  F. -37.2°  C. 

104.0°  F. -40.0°  C. 

109.0°  F. -42.8°  C. 

99.6°  F. -37.5°  C. 

104.9°  F. -40.5°  C. 

109.4°  F. -43.0°  C. 

100.0°  F. -37.8°  C. 

105.0°  F. -40.5°  C. 

110.0°  F. -43.3°  C. 

100.4^  F. -38.0°  C. 

105.8°  F. -41.0°  C. 

111.2°  F. -44.0°  C. 

101.0^  F, -38.3?  C. 

106.0°  F. -4 1.1°  C. 

S^ 
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Seasoning. — As  thermometers  after  a  tirne  give  readingsthat  are  slightlj 
too  high,in  eonsequenee  of  the  gradual  contraction  of  the  glass,it  is  necessarj 
at  long  intervals  earefully  to  compare  them  with  a  standard  instrument 
This  is  done  at  the  puhlic  ohservatories,  to  Avhi^h  they  may  he  sent.  This 
contraction  of  the  glass  is  called  *  *  seasoning, ' '  and  goes  on  very  slowly.  After 
two  or  three  year8  it  practically  comes  to  an  end,  and  the  thermometer  is 
then  seasoned. 

Description  of  Thermometers. — Clinical  thermometers  as  at  present 
made  are  of  the  kind  known  as  maximum,  or  self-registering;  that  is,  a 
small  portion  of  the  mercury  is  separated  from  the  main  bulk  of  it,  or 
separates  itself  from  it  as  it  contracts,  by  reason  of  a  device  in  the  twist  of 
the  tube,  in  such  a  way  that  it  remains  in  position  in  the  tube  when  the 
temperature  falls,  until  shaken  down,  and  thus  indicates  the  highest  tem- 
perature reached  during  the  observation.  The  separated  portion  of  the 
mercury  is  kno\vn  as  the  "index."  The  reading  is  taken  from  the  upper 
end  of  the  index,  which  is  then  shaken  down  bv  a  quiek  motion  of  the  wrist, 
such  as  is  made  in  cracking  a  whip,  the  thermometer  being  held  by  its 
upper  end.  Before  taking  the  temperature  the  index  should  be  below 
95°.  The  best  clinical  thermometers  are  now  made  with  a  curved  surface, 
which,  acting  as  a  lens,  magnifies  the  width  of  the  mercury;  and  with  a 
flattened  back,  which  lessens  the  danger  of  breakage  from  rolling.  Aseptic 
thermometers  have  an  outer  glass  tube  encasing  the  engraved  scale  so  that 
the  extemal  surface  is  perfectly  smooth. 

Technic. — The  object  being  to  measure  the  intemal  temperature,  the 
thermometer  niust  be  placed  in  such  a  position  that  the  tissues  of  the  body 
completely  surround  its  bulb.  The  positions  available  are  the  armpit,  or 
axilla,  the  mouth,  the  vagina,  and  the  rectum.  The  fold  of  the  groin,  when 
the  thigh  is  bent  up  or  flexed  over  the  abdomen,  is  in  infants  also  occasionally 
used. 

The  axilla  is  frequently  selected.  If  ver>'  moist,  it  should  be  dried  with 
a  towel  before  the  instrument  is  introduced ;  or,  if  dry  and  harsh,  it  must 
be  bathed  with  warm  water  and  then  dried.  There  is  no  difference  in  the 
temperature  of  the  two  armpits  under  ordinary  circumstances.  The  bulb 
of  the  instrument  must  be  placed  deeply  in  the  hollow  and  the  arm  brought 
well  across  the  chest.  Čare  must  be  taken  that  no  fold  of  clothing  inter- 
fere  with  the  contact  of  the  instrument  with  the  skin.  Some  thermometers 
are  more  sensitive  than  others;  that  is,  they  act  more  quickly.  The  mer- 
cury  rises  rapidly  at  first,  then  more  slowly.  Thick  thermometers  require 
five  minutes  to  record  the  niaximum  temperature,  but  the  best  Instruments 
now  made  reach  the  highest  point  in  about  two  minutes.  In  the  rectum  or 
vagina  less  time  is  required. 

When  the  temperature  is  taken  in  the  mouth  the  bulb  must  be  placed 
under  the  tongue  and  the  lips  closed  about  the  stem,  the  patient  breathing 
through  his  noše.  It  is  an  excellent  plan  to  dip  the  instrument  in  water 
and  wipe  it  with  a  clean  napkin  in  the  presence  of  the  patient  both  before 
and  after  using  it  in  the  mouth.  It  is  not  safe  to  take  the  temperature  in 
the  mouth  either  in  young  children  or  in  conditions  of  delirium.  When  the 
patient  is  in  an  insensible  state,  or  when  doubts  arise  as  to  the  correctness 
of  an  axillary  observation,  the  rectum  or  the  vagina  may  be  used  for  apply- 
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ing  the  thermometer,  and  with  self-registering  Instruments  this  plan 
involves  no  exposure  of  the  person.  In  European  countries  the  common 
custom  is  to  take  the  temperature  in  the  rectum.  In  restless  cliildren 
eare  must  be  taken  to  prevent  the  instruments  being  broken,  and  in  aH 
cases  to  prevent  a  short  thermometer  from  slipping  entirely  into  the  bowel, 
from  which  it  might  be  difficult  to  extract  it.  The  temperature  may  be 
rapidly  taken  in  unmanageable  children  by  means  of  an  old-fashioned 
thermometer  which  is  not  self-registering,  by  cautiously  warming  it  until 
the  mercury  reaches  a  very  high  point,  sav  108^  and  then  quickly  placing 
it  in  the  armpit.  The  mercury  falls  rapidly  to  the  temperature  of  the 
patienfš  body  and  then  stops. 

Frequency.  —  It  is  desirable  to  take  the  temperature  at  least  twice 
daily,  the  best  times  being  between  seven  and  eight  in  the  morning  and 
about  eight  in  the  evening.  The  observations  must  be  repeated  at  the  same 
hours  each  day.  In  cases  characterized  by  grcat  or  sudden  variations  of 
temperature,  by  very  high  temperature,  or  when  the  influence  of  treat- 
ment  upon  the  fever  is  being  closely  watched,  observations  must  be  made 
at  shorter  intervals  of  tirne,  and  it  may  become  necessary  to  take  the 
temperature  as  often  as  every  hour. 

Abnormal  Temperatures. 

The  temperature  in  disease  may  range  below  or  above  the  normah 
Sudden  falls  of  temperature  in  fever  are  very  significant;  just  as  are 
abrupt  rises  from  the  temperature  of  health.  The  following  terms  are 
used  to  indicate  the  general  condition  of  the  patient  in  abnormal 
ranges  of  temperature: 

BeIow  the  Normal.  F.  C. 

O.  Temperature  of  collapse Below      96.5°  35.8° 

b.  Subnormal  temperature 96.5° —  98°  35.8° — 36.7° 

C.  Normal  temperature 98°    — -  99.5°  36.7° — 37.5° 

Above  the  Normal. 

d.  Subfebrile  temperature 99.5°— 100.5°  37.5°— 38.1° 

e,  Moderate  febrile  temperature f  100.5°— 102°     a.m.    38.1°— 38.9° 

(Mild  pyrexia) t  102.2°— 103°     p.m.  39°    —39.5° 

/.  High  febnle  temperature i  102°    —104°    a.m.  38.9° — 40° 

(Severe  pvrexia) \  104°    — 105.8°p.m.  40°    —41° 

g.  Intense  febrile  temperature I  in«;  qo     t  ino  ^io        ^o  oo 

(Hyperpyrexia)r /  ^^'^  —^^^  ^^     "^3.3° 

The  range  of  deviation  from  the  normal  within  the  limits  of  which 
life  can  be  maintained  for  brief  periods  is  comprised  between  92®  F. 
and  110®  F.  A  temperature  of  95°  F.  on  the  one  hand  or  of  106®  F. 
on  the  other,  already  indicates  great  danger,  especially  if  it  be  prolonged, 
and  beyond  these  limits  in  both  directions  the  danger  to  life  speedily 
becomes  extreme. 

(a)  Temperature  of  Collapse  or  Shock.  —  A  considerable  and  rapid 
fall  of  temperature  attends  the  collapse  which  sometimes  occurs  during  or 
toward8  the  close  of  some  of  the  essential  fevers.  In  enteric  fever  this 
eondition  may  be  produced  by  hemorrhage,  or  by  sudden  peritonitis  due 
to  perforation,  or  in  consequence  of  sudden  failure  of  the  heart.    The  last 
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of  these  accidents  is  liable  to  occur  in  anv  verv  grave  čase  of  fever, 
and  occa8ionally  folJows  the  critical  fall  of  temperature  which  occurs  in 
pneumonia,  relapsing  fever,  and  more  rarely  in  other  febrile  diseases. 

Very  low  axillary  temperatures  are  met  with  in  the  stage  of  collapse 
in  the  algid  or  cold  stage  of  cholera.  the  internal  temperature  as  indicated 
by  the  vagina  or  rectum  remaining  high.  Great  depression  of  the  general 
temperature  occurs  in  the  collapse  produced  by  various  poisons,  and  espe- 
cially  by  large  quantities  of  alcohol.  The  temperature  is  apt  to  fall 
considerablv  below  the  normal  in  ordinary  deep  alcoholic  intoxication, 
especially  if  the  patients  have  been  exposed  to  cold  and  wet. 

(h)  Subnormal  Temperature.  —  This  condition  attends  considerable 
losses  of  blood;   starvation  from  any  cause;   the  wasting  of  certain  of  the 
chronic  diseases,  such  as  cancer  of  various  organs;   some  diseases  of  the 
brain  and  spinal  cord  and  the  later  stages  of  chronic  diseases  of  the  lungs. 
and  heart,  especially  when  accompanied  by  dropsv. 

The  temperature  is  very  apt  to  reach  subnormal  ranges  in  the 
morning  for  a  few  davs  at  the  termination  of  febrile  disorders. 

(c)  Normal  Temperature. — If  in  the  course  of  a  continued  fever,  as 
enteric,  the  temperature,  which  has  been  elevated  two  or  three  degrees  or 
more,  suddenly  falls  to  normal  or  near  it,  though  not  below,  this  in  itself 
is  significant  of  something  wrong,  and  may  even  acquire  the  importance 
of  the  '* temperature  of  collapse,*'  as  indicating  internal  hemorrhage, 
perforation,  or  failure  of  the  heart. 

(d)  Subfebrile  Temperature. — Slight  elevations  of  temperature  often 
accompany  trifling  and  transient  disturbances  of  the  general  health, 
especially  in  children.  They  are  also  observed  at  the  beginning  of 
gradually  developing  fevers,  as  enteric,  and  at  the  close  of  slowly  subsid- 
ing  febrile  conditions.  In  obscure  chronic  cases  they  are  of  importance 
as  indicating  the  existence  of  actual  disease  which  may  not  manifest  its 
ordinary  svmptoms. 

(e)  Moderate  Febrile  Temperature. — When  the  morning  temperature 
reaches  101°-102®  F.  and  the  evening  shows  a  further  increase  of  one  or 
two  degrees,  we  have  to  do  \vith  actual  fever.  So  long,  however,  as  the 
temperature  does  not  exceed  these  limit  s,  there  is  no  serious  danger  from 
the  fever  process  itself. 

(f)  High  Febrile  Temperature. — \Vhen  the  temperature  in  the  morning 
is  above  102°-104°  F.  and  in  the  evening  reaches  or  ranges  higher  than 
104.5®,  the  čase  becomes  serious  from  the  intensitv  of  the  fever  alone, 
and  active  treatment  l)ecomes  imperative.  High  fever  is  unattended  by 
immediate  danger  to  life  if  it  be  transient,  but  \vhen  prolonged  it  is  ominous. 
A  temperature  of  105°  or  even  107°  in  the  hot  stage  of  an  ague,  when  the 
whole  attack  lasts  but  a  few  hours,  is  much  less  dangerous  than  the  same 
temperature  occurring,  even  for  a  short  tirne,  in  the  course  of  one  of  the 
continued  fevers,  when  the  patient's  po\vers  of  resistance  are  called  upon 
to  withstand  some  degree  of  fever  for  several  davs  or  weeks. 

(g)  Hyperpyrexia,  or  Intense  Febrile  Temperature. — The  temper- 
ature reaches  105.8°  and  continues  to  rise,  or  at  ali  events  does  not  fall. 
The  condition  is  one  of  extreme  and  imminent  danger  to  life.  The  resources 
of  the  art  of  medicine  are  put  to  their  severest  test.    Hyperpyrexia  often 


MEDICAL  THERMOMETRY.  57 

Bupervenes  with  great  suddenness.  Not  a  moment  is  to  be  lost.  The  most 
prompt  and  radical  measures  to  reduce  the  temperature  of  the  body  too 
often  fail  to  avert  the  fatal  result.  This  condition  has  been  encountered 
after  injuries  to  the  brain  and  to  the  upper  part  of  the  spinal  cord ;  in  lock- 
iaw;  in  sunstroke,  and  very  often  in  the  infectious  diseases,  especially 
scarlet  fever  and  pneumonia.  It  sometimes  occurs  in  rheumatic  fever, 
especially  after  the  intensity  of  the  svmptoms  has  begun  to  subside,  or 
even  when  the  patient  is  apparently  almost  well.  Hyperpyrexia  is  often 
one  of  the  indications  of  approaching  death.  Hence,  in  certain  cases  the 
futility  of  treatment.  In  such  cases  a  temperature  of  110^  to  112°  is  some- 
times seen.  The  temperature  sometimes  continues  to  rise  slowly  for  an 
hour  or  two  after  death. 

The  thermometer  may  be  made  to  indicate  a  temperature  much  higher 
than  that  of  the  patienfs  body,  by  friction,  or  by  being  slipped  against  a 
poultice  or  hot-water  bag,  or  into  a  cup  of  tea,  when  the  attention  of 
the  nurse  is  given  to  other  duties.  These  tricks  are  sometimes  played  by 
hysterieal  girls.  Thev  are  readily  detected  by  repeated  observations  under 
the  eye  of  the  attendant.  A  number  of  cases  ha  ve  been  recorded  in  the 
medical  journals  in  which  excessively  high  temperatures — 120°,  150°, 
cven  170®  F. — have  been  noted  and  appai'ently  verified  by  repeated  and 
most  careful  observations.  Many  of  the  patients  have  subsequently  been 
found  to  be  very  clever  pretenders  and  tricksters,  but  the  met  hod  by 
which  the  high  temperatures  have  been  recorded  has  not  been  explained. 
In  such  cases  the  temperature  should  be  taken  in  several  diflferent  regions, 
axilla,  mouth,  rectum,  etc,  at  the  same  time,  and  the  temperature  of  the 
urine  when  voided. 

Tran8itory  Variations. — ^The  temperature  of  a  fever  patient  may  be 
somewhat  affected  by  excitement,  fatigue,  or  exposure.  Hence  hospital 
patients  often  show  for  a  few  hours  after  admission  a  temperature  higher 
than  8ubsequently,  or,  if  they  have  been  exposed  to  cold,  lower  than  really 
corresponds  to  their  condition. 

It  is  a  peculiarity  of  the  state  of  convalescence  from  the  acute  fevers 
that  the  temperature,  though  normal,  is  disturbed  by  trifling  causes,  and. 
may  be  made  to  rise  two  or  three  degrees  by  the  first  visit  of  a  friend,  the 
first  solid  food,  or  even  by  sitting  up.  Such  rises  are  usually  very  brief, 
the  temperature  quickly  falling  again  to  normal.  They  occasion  uneasiness 
lest  they  be  the  beginning  of  a  relapse.  On  the  other  hand  it  occasionally 
happens  that,  though  ali  the  other  symptoms  have  disappeared  and  the 
patient  is  almost  well,  the  temperature  remains  subfebrile,  and  the  patient 
is  for  that  reason  alone  kept  in  bed.  In  such  cases  ali  traces  of  fever  vanish 
upon  cautiously  allowing  the  patient  to  sit  up  an  hour  or  so  each  day. 

Surface  Thermometry. 

This  method  is  of  inferior  value  for  diagnostic  purposes.  The 
bulb  consists  of  a  fine  coil  at  right  angles  to  the  tube  and  forming  an 
expanded  base  for  it.  Observations  may  be  taken  at  the  same  time 
in  corresponding  positions  on  both  sides  of  the  bodv.  The  general 
temperature  must  be  noted. 
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Normal  surfaoe  temperature  (Kunkel).    Temperature  of  room  68**  F. — 20^  C. 

F.  C. 

Forehead 93.38-93.92**  34.1-34.4« 

Cheek  under  the  zygoma 93.92*»  34.4*» 

Tip  of  ear 83.84'»  28.8« 

Back  of  hand 90.5  -91.76«  32.5-33.2« 

Hollow  of  the  hand  (closed) 94.64-95.18«  34.8-35.1« 

Hollow  of  the  hand  (open) 93.92-94.64«  34.4-34.8« 

Forearm 92.66«  33.7« 

Forearm.  (higher) 93.74«  34.3« 

Steraum 93.92«  34.4« 

Pectorales 94.46«  34.7« 

Right  Uiac  fossa 93.92«  34.4« 

Left  iliac  fossa 94.28«  34.6« 

Os  sacrum 93.56«  34.2« 

Eleventh  rib  (back) 94.1«  34.5« 

Tubero8ity  of  ischium 89.6«  32.0« 


Upper  part  of  thigh 93.56«  34.2« 

Calf 92.48«  33.6« 

The  temperature  of  the  skin  is  8lightly  higher  over  an  artery  than  at 
some  distance  from  it,  over  muscle  than  over  sinew,  over  an  organ  in  activity 
than  when  at  rest,  in  the  frontal  than  in  the  parietal  region  of  the  head, 
and  on  the  left  side  of  the  head  than  on  the  right. 

Local  elevation  above  the  general  temperature  has  been  noted  on  the 
surface  of  the  head  in  cases  of  mania  and  meningitis.  Local  elevation  of 
the  temperature  has  also  been  observed  in  cerebral  tumor  and  abscess. 
A  local  rise  of  temperature  also  occurs  over  the  painful  points  in  some 
cases  of  neuralgia  and  in  areas  of  superficial  infiammation.  The  surface 
temperature  is  increased  in  the  region  corresponding  to  the  exudate  in 
croupous  pneumonia.  Irregularly  distributed  areas  of  elevated  surface 
temperature  sometimes  occur  in  hysterical  persons. 

Subnormal  temperature  may  be  observed  in  a  limb  from  which  the 
blood  supply  is  cut  off  by  the  tourniquet  or  obstruction  of  the  main  artery, 
in  an  cedematous  or  cyanosed  part,  and  in  gangrenous  areas.  Weir  Mitchell 
called  attention  to  the  eflfect  of  posture  upon  local  temperature.  He  found 
the  surface  of  the  dorsum  and  šole  of  the  foot  0.4®  C.  to  1®  C.  cooler  in  the 
•erect  than  in  the  recumbent  posture. 

Charts. — The  temperature  must  be  recorded  at  once.  At  the  same 
time  a  record  of  the  pulse-beats  and  movements  of  respiration  per  minute 
is  to  be  made.  They  are  to  be  carefully  counted  while  the  thermometer 
is  in  position. 

Ruled  sheets,  called  "temperature  charts,"  or  "clinical  charts," 
are  sold  in  the  shops  for  this  purpose.  The  foriti  here  shown  will  be  found 
very  convenient.  It  may  be  so  kept  with  little  trouble  as  to  preserve  in  a 
compact  form  ali  the  important  facts  of  an  acute  čase,  and  is  equally  useful 
in  hospital  and  in  private  practice.  The  ruled  space  is  arranged  for  twenty- 
one  day8  by  vertical  lines,  the  weeks  being  divided  by  heavy  lines.  The 
space  for  each  day  is  again  subdivided  for  the  morning  and  evening  record, 
as  indicated  by  the  M  and  E.  At  the  left  margin  the  purposes  of  the  spaces 
formed  by  the  transverse  rulings  are  indicated.  At  the  top  the  number 
of  movements  of  the  bowel8;  immediately  below  the  quantity  of  urine 
passed,  which  mav  be  recorded  in  fluidounces  or  cubič  centimetres;  then 
the  scale  of  Fahrenheitf  with  the  equivalent  CtrUigrade  opposite  on  the  righl 
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mar^D.  The  coarse  horizontal  line  at  98,4*  F.  indicates  approximately 
the  normal.  At  the  bottom  are,  first,  spaces  for  each  day  of  the  diaeaee, 
then  fumilar  spaces  divided  by  a  diagonal  liae  for  tnoming  (upper,  left 
triangle)  and  for  the  evening  (lower,  right)  pulse-rate;  below  these  again 
corrasponding  spaces  for  the  respiration-rate,  and  at  the  bottom  of  the 
chart  spaces  for  the  date  or  day  of  the  month. 

Important  clinical  tacts,  as  "hemorrhage/'  "convulsions,"  "sup- 
pression  of  urine,"  etc,  may  be  noted  at  the  tirne  of  their  occurrence 
between  the  vertical  lines  on  the  right  or  upper  side  of  the  chart  in  the 
position  indicated  by  the  aiT0W3,  under  the  words  "clinical  memoranda." 


While  changes  in  treatment,  and  in  particular  such  temporary  ohanires  as 
are  made  n€ces8ary  by  accidents,  like  hemorrhage,  convulsions,  or  sup- 
pression  of  urine,  may  1)6  noted  at  the  left  or  lower  side  under  the  word8 
"details  of  treatment,"  as  shown  by  the  aiT0W3, 

The  previous  history  and  the  condition  of  the  paiient  when  first  seen 
inay  be  written  on  the  back  of  the  chart. 

The  spaces  corresponding  to  a  degree  of  the  Fahrenheit  scale  are  divided 
into  fifths.  The  temperature,  as  observed,  is  designated  by  a  df^t  in  the 
appropriate  position,  These  dots  joined  by  ruled  lines  form  a  zigzag  line, 
called  the  temperature  curve.  It  is  usual  to  form  the  general  curve  of  the 
cam  by  means  of  the  reguiar  morning  and  evening  temperatures,  and  to 
indicate  the  result  of  observations  made  at  other  hours  by  dots  in  the 
appropriate  pontions,  with  figures  and  letters  8howing  the  hour  at  which 
they  were  made;  tbus,  12  noon,  3  p.m.,  or  6  a.u. 
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It  is  customary  to  join  the  general  curve  or  range  by  lines  drawn  with 
black  ink;  the  hourly  or  three-hour  observations  by  lines  drawn  ns-ith 
red  ink.  If  the  fever  be  prolonged  beyond  three  weeks  two  or  more  charts 
may  be  pasted  together.  These  charts  thus  kept  are  not  only  of  value  for 
preservation:  they  are  also  of  immediate  use  as  showing  at  a  glance  and 
with  precision  the  facts  of  the  čase  at  every  period  from  its  coming  under 
observation,  the  course  it  is  running  by  a  comparison  of  the  symptoms 
day  by  day,  and  in  a  ger.eral  way  the  effects  of  treatment,  the  changes  of 
which  are  fully  presented.  Especially  are  they  valuable  in  fevers  in  ena- 
bling  us  to  watch  the  course  of  the  temperature,  which  is  a  eonspicuous 
part  of  the  natural  history  of  the  disease  and  conforms  in  most  of  the  acut« 
infections  to  a  type  not  only  in  its  daily  fluctuations  but  also  in  its  duration. 
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11. 

PHYSICAL  DIAGNOSIS. 

General  Considerations. — Physical  diagnosis  is  the  method  of  discrim- 
nating  diseases  by  the  direct  aid  of  the  special  senses,  nainely  the  eye, 
;he  ear,  the  touch.  The  diagnostic  criteria  thus  obtained  are  known  as 
physical  signs.  They  depend  upon  the  phy8ical  nature  and  structure  of 
ihe  organs  or  parts  exainined  and  vary  with  the  changes  caused  by  disease. 
Hence  they  are  divided  into  two  groups — normal  or  healthy,  and  abnormal 
Dr  morbid  physical  signs.  As  they  bear  a  direct  relation  to  the  anatomical 
K)ndition  of  structures,  their  form,  contour,  density,  elasticity,  and  so  forth, 
and  similar  physical  conditions  may  be  present  in  different  diseases,  and  as 
morbid  processes  may  arise  in  the  absence  of  perceptible  alterations  in 
parts,  it  is  evident  that  physical  signs  taken  singly  are  not  diagnostic  ot 
particular  diseases.  They  reveal  the  anatomical  condition  but  not  the 
morbid  process  causing  that  condition,  and  attain  their  full  value  in  diag- 
nosis only  when  considered  in  relation  to  other  signs  and  symptoms  and 
the  clinical  hi8tory  of  the  čase. 

Pathognomonic  signs  are  those  supposed  to  be  diagnostic  of  particular 
diseases.  In  view  of  the  facts  just  mentioned,  the  use  of  the  term  pathog- 
nomonic in  this  sense  is  erroneous  in  theory  and  misieading  in  practice. 
A  physical  sign  is  the  manifestation  of  a  normal  or  morbid  physical  condi- 
tion, not  of  health  or  disease.  It  is  most  important  for  the  študent  to  bear 
this  fact  clearly  in  mind.  Signs  at  one  time  regarded  as  pathognomonic, 
as  for  example  the  crepitant  r&ie  in  pneumonia,  are  now  known  to  occur  in 
other  conditions,  as  oedema  of  the  lungs  and  partial  atelectasis. 

Physical  diagnosis  is  constantly  empioyed  in  the  study  of  general  mala- 
dies  and  in  local  diseases  of  ali  parts  of  the  body,  but  it  is  of  special  service 
in  the  investigation  of  diseases  of  the  respiratory  and  circulatory  organs. 

Methods. — The  methods  of  physical  diagnosis  are  inspection,  palpa- 

nON,     MENSURATION,    PERCUSSION, — including     RESPIRATORV     PERCUSSION, 

palpatort  PERCUSSION,  and  auscultatorv  pkrcussion — and  ausculta- 
noN.  In  the  examination  of  patients  these  methods  are  used  systemati- 
cally  and  in  succession,  the  signs  elicited  by  one  serving  to  confirm,  extend, 
or  control  the  knowledge  obtained  by  the  others. 

Technlc. — The  physical  examination  must  under  ali  circumstances  be 
eonducted  in  a  routine  manner.  More  errors  in  phvsical  diagnosis  arise  from 
want  of  8ystem  than  from  want  of  knowledge.  When  the  patient  is  in  bed, 
the  bared  chest,  abdomen,and  back  must  be  in  turn  examined  by  the  several 
methods.  Under  some  circumstances  a  towel  or  a  singie  thickness  of  rai- 
ment  may  be  used  as  a  covering.  especiaiiy  in  percussion  and  immediate 
luscultation.     For  inspection  and  palpation  the  surface  should  be  bared. 

The  same  rules  apply  to  the  examination  of  ambulatory  patients. 
[n  aH  cases  the  outer  clothing  should  be  removed.  Physical  signs  cannot 
be  elicited  through  heavy  clothing,  starched  linen,  or  the  corset;  while 
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silk,  stiff  shirt  fronts  and  the  braces  cause  upon  deep  respiratofy  move- 
ments  crackling  and  friction  sounds  that  have  nothing  to  do  with  the 
organs  within  the  ehest.  In  aH  cases  the  exainination  must  be  condueted 
with  tact,  judgment,  and  due  regard  for  the  sensibilities  of  the  patient. 
The  recognition  of  abnormal  phvsical  signs  involves  a  familiar  knowl- 
edge  of  those  which  are  normal  and  their  variations  within  the  bounds  of 
health  and  of  the  anatomy  and  physiology  of  the  organs  or  parts  examined. 
Equally  necessary  is  a  ready  knowledge  of  the  pathological  changes  upon 
which  abnormal  signs  depend.  The  skilled  diagnostician  cultivates  the 
habit  of  seeing  with  his  mind's  eye  the  changes  in  structure  eaused  by 
discase.  A  long  apprenticeship  in  the  post-mortem  room  is  an  essential 
preparatory  course  for  good  work  at  the  side  of  the  bed. 

INSPECTION. 

This  method  of  physical  diagnosis  is  of  the  widest  application  in  the 
study  of  discase.  In  niany  cases  a  provisional,  in  some  a  positive  diagnosis 
may  be  made  upon  a  careful  study  of  the  external  clinical  phenomena  by 
inspection  alone.  The  facies  hepatica,  emaciated  neck  and  limbs,  and 
enormously  distended  abdomen  in  cirrhosis  of  the  liver,  the  eniarged  parot- 
ids,  disfigured  countenance,  and  projecting  lobule  of  the  ear  in  mumps, 
the  unihiteral  flushing  and  jerky  dyspn(ra  in  croupous  pneumonia,  and 
the  rash  in  the  eruptive  diseases,  teli  their  own  tale.  In  a  narrower  and 
more  technical  sense  inspection  is  especially  of  value  in  the  diagnosis 
of  diseases  of  the  thoracic  and  abdominal  organs. 

The  clothing  must  be  removed.  The  light  must  be  good.  The  skilled 
diagnostician  makes  use  now  of  direct  light,  by  which  extensive  surfaces 
are  fully  illumined;  now  of  oblique  light,  by  which  local  elevations  and 
depressions  are  accentuated  and  pulsations  are  marked  by  moving  shadows. 

By  insi^ection  \ve  obtain  information  in  regard  to  the  size,  form,  or 
contour,  the  appearance  of  the  surface,  and  the  movements  of  the  thorax 
and  abdomen. 

Inspection  of  the  Thorax. 

The  Size. — The  size  of  the  chest  is  determined  by  the  volume  of  its 
contents.  Within  the  limits  of  health  there  are  wide  variations.  A  seden- 
tary  life  tends  to  shallow  breathing  and  small  lungs.  The  chest  then  con- 
forms  to  the  inspiratorv  type.  The  anteroposterior  diameter  is  short, 
the  upper  intercostal  spaces  wide,  the  lower  narrow,  the  costal  angle  acute. 
We  speak  of  such  a  chest  as  shallow.  Active,  out-door  occupations  favor 
habitual  deep  breathing  and  increase  in  the  size  of  the  lungs.  The  ehest 
now  conforms  to  the  expiratory  tyix?.  The  anteroposterior  diameter  is 
relatively  long,  the  upper  intercostal  spaces  narro\v,  the  lower  wide;  the 
costal  angle  is  obtuse.  Such  jx?rsons  are  deep  chested.  Diseases  which 
diminish  the  size  of  the  lungs,  as  chronic  tulx»rculosis  and  fibroid  phtbisis, 
correspondingly  reduce  the  size  of  the  thorax,  while  so-called  pseudo- 
hypertrophic  emphysema  greatly  increases  its  size.  But  these  changes 
are  accompanied  by  definite  changes  in  form.  Excessiye  subcutaneous 
fat  sometimes  gives  rise  to  an  apparent  increase  in  the  size  of  the  chest. 
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The  Form. — The  form  of  the  chest  varies  mth  ita  size.  In  infancy 
and  early  childhood  it  is  3oniewhat  cylindrical, — that  is,  its  anteroposterior 
diameter  and  its  tranaverse  diameter  are  nearly  the  same, — and  the 
respiration  is  chlefly  diaphragnaatic.  In  adults  the  cross  section  of  the 
trunk  is  oval  and  8ymmetrical.  Upon  deep  insptration  the  anteroposterior 
diameter  of  the  chest  is  increased ;   on  forced  expiratioQ  it  is  diminished. 

Deformlties.  —  The  general 
deformities  in  childhood  are  com- 
monly  due  to  respiratory  obstruction 
in  the  upper  air-passages,  as  from 
adenoid  growths  in  the  nasopharynx, 
enlargement  of  the  tonsits;  or  in  the 
lungs,  as  in  bronchopneumonia  or 
phthisis.  Rickets  plays  ,an  impor- 
tant  part.  In  adult  life  they  are 
commonlv  caused  by  fibroid  changes 
in  the  lungs,  pulmonary  tuberculosis 
and  emphysema.  Unilateral  and 
local  deformities  are  caused  by  pleu- 
ral  efTusions,  the  retraetion  which 
follow8  the  resorption  or  removal  of 
Buch  effusions,  hypertrophy  of  the 
heart,andaneurismal  or  otherintra- 
tboracic  tumors.  These  abnormal 
modiBcatioDS  in  form  are  more 
marked  when  they  occur  early  in 
life,  The  foIIowing  de\'iation8  in 
form  are  to  be  considered: 

(a)  The  Alar  or  Pterysold  ChcBt. 
— The  chest  is  unnaturally  small  and 
iiarrow.  The  mesial  bordera  of  the 
flcapulie  project  like  budding  nnngs, 
the  ribs  are  extremely  ob]ique,  the 
shoulders  droop,  the  neck  and  chest 
appear  preternaturally  elongated, 
the  head  is  carried  unduly  for\vard, 
and  the  costal  angle  is  acute.  This  fio-  30.  — aim  deinrmiiv  ot  cIimi,  — Genuau 
form  of  chest  is  sometimes  desfribed  """ 

as  the  "paralytic  chest."  Pereons  suffering  from  pulmonary  tuberculosis 
frequently  present  this  form  of  chest,  but  it  may  also  occur  in  poorly 
nourished  indivnduals  who  are  not  phthisical. 

(b)  Tlw  Rhachitk  Chest. —  The  stcrnum  may  project,  giving  rise  to 
the  deformity  known  as  pigeon  breasl.  The  sides  of  the  chest  are  flattened 
and  curve  forward  to  the  prominent  sternum,  as  tlie  sides  of  a  bont  to  ihe 
keel — peetus  carinatum.  From  the  base  of  the  ensiform  cartilage  a  broad 
Bhallow  depreesion  or  groove  passes  downward  and  outwnrd  to  the  infra- 
axillary  repen — Harri80n's  furrow.  In  some  instances  the  rartilagcs 
of  the  ribs  lose  their  curve  and  become  straight,  causing  the  chest  to  he 
qiute  flat  in  front  instead  of  being  rounded.     In  others  there  is  a  shallow 


64 


MEDICAL  DIAGNOSIS. 


longitudinal  groove  on  each  side  of  the  front  of  the  chest,  a  Uttle  extemal 
to  the  sternum  and  neurly  parallel  to  it.  The  remarkable  deforniity  known 
as  FtiNNKL  BREAST  sometimes  but  by  no  means  alway8  is  due  to  riekets. 
It  consists  in  a  deep  and  rather  abrupt  crater-like  depression  in  the  region 
of  the  base  of  the  ensiform  carlilage.  Not  rarely  there  inay  be  felt  and 
Boinelimes  scen  a  line  of  nodular  thickenings  along  the  chondrocostal 
ariiculationa  on  each  side,  knonn  by  Ihe  fanciful  name  of  tke  rhachUic  roaary. 
(c)  The  Barrel  Che»t.  — The 
deformity  characteristic  of  emphy- 
sema  is  very  striking.  The  anfero- 
^  ^■•^^M  posterior     iliampter    is     greatly 

'  I^K  Tvl^^B  increased.    The  thorax  is  in  a  state 
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of.  distenlion  greater  Ihan  ihat  proiiuccd  in  hcallh  hy  the  dcrpest  in^pira- 
tion.  It  is  archeii  before  and  l)ehind.  The  nianubriuMi  und  l)ody  of  the 
Bternuiii  are  sometimes  bcnt  at  an  angic — axi;l-lis  Lidovici.  The  shoulders 
are  high,  the  neck  short,  and  the  cnstal  angle  vcry  obtuse.  Dorsal  kyphosis 
due  to  the  cam-ing  of  burdens  u|>on  the  shouhlers,  to  advancing  years,  or 
to  vertebral  raries  niav  siniulate  the  barrel-slmiM'd  chest  of  emphvsema. 
(d)  Deformltles  of  the  Spine.  —  Curvat iiros  and  twisting  are  very 
common.  The  slighter  foriiis  are  often  overlooked.  Thev  inay  be  recog- 
nized  upon  careful  in&|)ection  of  the  bare  bnck.  the  sjnnous  pnicesses  betng 
marked  by  a  dermatographic  pencil.  Murkcd  curvatures  in  \vhich  rotary 
dis  plače  me  nts  are  prominent  derange  the  rctutions  of  the  thoracic  \iscera 
to  the  bony  landmarka  and  render  the  phy8ical  exainination  of  the  chest 
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difBcult  and  the  signs  uncertain.  The  cardiac  impulse  may  be  displaced 
upward  or  to  tbe  left;  abnormal  bulging  inay  simulate  aneurismal  or  otber 
intrathoracic  tumor  and  areas  of  atelectasis  with  conipen8atory  emphy- 
sema  occur.  Abnormal  rigidity  of  the  spine  may  be  dne  to  spastic  contrac- 
tion  of  the  muaeles  in  Potfs  disease  or  to  spondylitis  deformans.  When 
ankylosis  haa  developed  the  spine  is  persi8tently  rigid.  These  signa  may  be 
recognized  upon  attempts  to  bend 
forward  or  backivard  or  to  rotate  the 
sboulders  while  the  pelvis  is  held 
fixed.  An  examination  of  the  verte- 
bral  coluom  forms  part  of  every 
routine  examinat)on  of  the  chest. 

Unilateral  chaages  in  the  shape 
of  tbe  chest  consist  in  diminution 
and  enlargement. 

Unilateral  Diminution. — Flatten- 
ing  of  one  side  of  the  chest  is  a  sign 
of  chronic  pulmonary  tuberculosis 
of  the  corresponding  lung,  fibrosis 
of  one  lung,  or  a  pieural  ePTusion 
which  bas  undergone  resorption 
or  been  cured  by  operation.  The 
drcu Diference  and  anteroposterior 
diameter  are  diminished ;  the  bilat- 
eral  diameter  is  increased;  the  side 
ia  angular  and  flattened  before  and 
behind;  theupper  intercostal  spaces 
are  widened,  the  lower  narron-ed; 
the  ahoulder  ie  lotvered  and  there 
is  lateral  curvature  of  the  spine,  the 
convexity  being  towards  the  oppo- 
dteside.  The  virarious  enlargement 
of  the  sound  lung  gives  rise  to 
marked  difierences  in  the  circum- 
ferenee  of  the  two  aides.    When  the 

deformity  is  due  to  tuberculous  disease  of  the  upper  lobe,  the  flattening  is 
more  marked  in  the  upper  region  of  the  chest;  wlien  to  old  pleurisv  it  is 
more  marked  at  the  base.  Unilateral  Hattening  of  the  chest  is  attended 
by  pleural  adhesions.  If  obstruction  of  the  main  bronchus  occurs  in  child- 
hood,  the  resulting  collapse  of  the  lung  muv  cuuse  an  acutc  unilateral 
flattening  of  the  chest.  Lateral  spinal  curvature  mav  simulate  diminution 
of  the  chest  from  pulmonary  disease. 

Unilateral  Enlartemeot. — This  deformity  of  the  chest  is  a  sign  of 
vicarious  enlargement  of  one  lung  as  a  result  of  chronic  disease  of  its  fellow, 
pleural  effusion,  large  hKraothoras,  pneumothoras,  and  rarely  of  rapidly 
growing  malignant  disease.  Pseudohvpertrophic  eniphysema  may  in 
rare  instancea  involve  one  lung  when  the  other  has  undergone  fibroid  changes 
in  con8equence  of  previous  disease.  The  enlarged  side  is  rounder  than  the 
other;   ibs  anteroposterior    diameter  longer;    the  intercostal  spaces  wide: 
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the  shoulder  raised  and  the  spine  curved  laterally,  the  dorsal  convexity 
being  towards  the  enlarged  side. 

The  foregoing  alterations  in  the  form  of  the  chest  are  very  obvious 
when  the  physician  stands  behind  the  seated  patient  and  looks  obliquely 
over  his  shoulders  and  the  front  of  his  chest. 

lnt«rcostal  Spaces. — In  large  pleural  effusions  and  in  pneumothorax 
the  normal  depression  of  the  intercostal  spaces  is  obliterated  and  the 
surface  smooth  as  contrasted  with  the  opposite  side.  Bul^ng  of  the  inter- 
costal spaces  is  rare.  It  may  be  seen  at  the  base  of  the  chest  in  large  em- 
pyema  of  long  standing. 
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Local  Cbanses. — Looal  changes  in  shape  consist  in  (a)  circumscribed 
retraction  or  (b)  prominence. 

LocAL  RtTR.\CTioN  is  a  sign  of  the  foliowing  conditions: 

Tuberculous  Consolidation  of  a  Porlion  oj  the  Lung. — This  is  uslial  at  the 
apex  and  most  ob\ious  in  the  supra-  and  infraclavicular  regions.  It  is 
attended  by  pleural  adhesions. 

.4  SuperficMl  CaiiV;/.  — Circumscribed  depressions  due  to  this  cause 
are  often  seen  on  the  anterior  surface  of  the  chest  near  the  sternal  border 
and  extending  over  one  or  two  intercostal  spaces.  Flatf  ening  in  the  postero- 
lateral  aapect  of  the  chest  opposite  the  spine  of  the  scapula  and  below  its 
level  is  sometimes  seen  in  pulmonary  abscess. 

Old  Pleuriay. — A  broad,  shallou-  depression  in  the  anterolateral  region 
at  the  baae  of  the  chest  is  common  after  pleural  effusions.  The  funnel 
breast  sometimes  follow8  unilateral  pleuTi8y.  This  deformitv  in  shoe- 
makers  has  been  attributed  to  the  pressure  of  the  last  against  the  breastbone. 
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Local  retraction  in  children  may  follow  croup,  bronchopneumonia,  and 
rickets.  The  deformities  caused  by  these  agencies  are  sjmmetrical  and 
have  already  been  considered. 

LocAL  PROMiNENCE  ii<  u  stgii  of  circumacribed  pleural  effusion,  large 
vomiCK  when  diatended  with  fluid,  diaphragmatic  hernia  when  congciiital, 
tumor  of  the  lung  or  of  the  chest  wall,  mediastinal  tumor,  abscesa  of  the 
chest  wa)l,  and  enipyenia  necessitatia.  In  a  considerablc  proportioii  of 
healthy  persons  that  region  of  the  chest  wall  which  overiies  the  heart— 
Ihe  precordial  space — is  slightly  proniinent.  In  children  and  occasionally 
in  adults  prominence  of  the  precordial  space  results  from  cardiac  hyper- 
trophy  or  pericardial  effusion.  The  bulging  occupies  fhe  space  between 
the  third  and  seventh  coatal  carlilages  on  the  left  side  and  the  left  niid- 
cls\-icular  line  and  the  sternum.  It  niav  extend  to  the  right  nipple.  Aneu- 
rism  of  the  arch  of  the  aorta  lauses  local  bulging  of  the  cliest  wali  and  in 
rsre  instancea  aneurisni  of  the  de- 
scending  aorta  may  erode  the  ribs 
and  give  rise  to  a  circumscribed 
tumor  of  the  dorsal  region  to  the 
left  of  the  spine.  Inspecfion  of  the 
back  frequently  reveais  local  prom- 
inencea  of  importancc  in  diagnosis. 
A  sharp  projection  of  the  spinal 
processes  occurs  in  vertebral  curies. 
The  mesial  borders  of  the  acapula> 
stand  out  proniinently  in  the  pterv- 
goid  chest.  A  congenitul  rouiided 
tumor  in  the  niiddle  line,  tran^lii- 
cent  and  partly  reduciltle.  is  the  ^'"i^Ji^r^i7>!IV,t'Sw?'waM'!-'lteJ.'H™'p!'iit."'' 
aign  of  spina  bifida.     This  defect  of 

development  is  fre<iuently  assnciated  nith  other  deformities,  as  hydro- 
cephalus  or  club-foot.  A  duskv-red,  bra\vny  swelling.  coniniiinly  in  the 
cervical  region.  discharging  pus  from  several  sinuse«,  is  a  curbunclc.  It 
occure  frequently  in  dialjetes  melUtus,  and  in  ali  cascs  the  urine  sliould  be 
examined  for  augar.  Rounded  or  lobulated  elastic  tumors.  painless  and 
usually  movable,  are  fattv.  Thcy  sometinies  ."o  dosely  rcsenible  absceaaes 
as  to  require  aspiralion  for  the  diffcrential  diagnosis.  AbscesMes  appear 
as  fluctuating  swellinga  aa  the  result  of  caries  of  the  vertebnv,  usually 
tuberculous,  and  may  burrow  in  varii>us  directions.  I  have  scen  a  large, 
oblong  tumor  to  the  loft  of  (he  dorsal  spine  formed  by  an  aneurisni  of  the 
descending  aorta,  and  a  similar  tumor  in  the  lefl  lumbar  region  ivhich  pul- 
iiated  and  wa8  connected  \vith  a  left-siilcd  ompvenia.  In  (lis.se  min  a  t  ed 
aarcoma  of  the  skin  the  iesions  are  commcm  on  the  back.  appearing  as 
circumscribed  nndular  mas.ses  varying  in  size  from  a  small  shot  to  a  walniit, 
dark  in  color  and  mostlv  movable. 

Surface. — The  appearance  of  the  surface  of  the  chest  only  excei>- 
tionaIly  yield8,  upon  inspection,  phvsical  aigns  of  inijKirtance.  We  note 
enuciation  or  an  abundant  panniculus  adi|K>sus,  jaundice.  cyanosis  and 
pigment at ion,  the  eruptions  and  scars  of  Ihe  exanthem»ta  or  ot  syphilis 
or  other  chronic   disease,  eniargcment  of  the  supeificial  lyniph-nodca  at 
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tbe  root  of  the  neck  and  in  the  armpits.  patches  and  lines  of  dilated 
venules  and  dilated  and  tortuous  venous  tninks.  The  appearance  of 
linear  patches  of  herpes  in  shingles — zona.  herpes  zoster — in  the  course 
of  the  intereostal  and  lumbar  ner\'es,  often  clears  up  the  diagnosis 
where  there  has  been  severe  buming  pain  upon  one  side  of  the  chest 
or  abdomen. 

Tbe  Movements  of  the  Chest.  —  Normal  and  abnormal  types  of 
respiration  will  be  considered  in  a  subsequent  section.  Anomalous  move- 
ments  that  affect  both  sides  of  the  chest  occur  in  dvspnoea,  inspiratorv 
dvspnoea.  expiratory  dvspncea.  Chevne-Stokes  respiration,  esaggerated 
thoracic.  exaggerated  abdominal  breathing,  and  so  on. 

Abnormallv  deep  respiration  in  the  absence  of  anv  apparent  difficulty 
either  in  inspiration  or  expiration  is  seen  in  diabetic  roma. 

In  the  emph vsema  of  the  aged  and  in  earlier  life  in  some  cases  of 
hereditar>'  svphilis  and  pulmonarv  tuberoulosis.  calcification  of  the  costal 
cartilages  and  associated  changes  in  the  ribs  cause  the  walls  of  the  chest  to 
move  through  a  limited  si)ace  as  a  whole — en  cuirasse. 

Uflilateral  modificatioos  of  the  respiratorv  movements  mav  consist  of 
(a)  diminished  expansion  of  one  side  or  (b)  increased  expansion  of  one  side. 

(a)  Diminished  expansion'  of  one  side  mav  involve  the  entire  side, 
as  in  large  pleural  effusion.  pneumothorax.  pneumonia  involving  the  whoIe 
of  one  lung.  tuberculous  consolidation  of  a  lung,  or  tumor  of  the  lung  or 
pleura.  The  affected  side  is  not  onlv  immobile  but  it  is  also  distended  and 
altered  in  contour.  In  tuberoulosis  it  is,  however,  usuallv  contracted  in 
consequence  of  pleural  adhesions  and  sclerotic  changes  in  the  lung.  In 
massive  pneumonia  it  is  almost  immobile  but  not  enlarged.  Contraction 
also  oceurs  in  the  occlusion  of  a  large  bronchus  from  the  presence  of  an 
aneurism  or  other  tumor. 

In  tuberculosis  confined  to  the  apex  of  one  or  both  lungs  there  is  failure 
of  expansion  in  the  corresponding  region  of  the  chest. 

Diminished  unilateral  expansion  mav  be  a  sign  of  infradiaphragmatic 
disease — on  the  right  side,  of  an  enlarged  liver  or  hepatic  tumor;  on  the 
left,  of  an  enlarged  spleen  or  tumor  in  the  splenic  region. 

In  rare  instances  a  hemiplegia  or  paralvsis  of  one  side  of  the  diaphragm 
or  a  diaphragmatic  hernia  mav  be  the  cause  of  diminished  expansion  of 
one  side  of  the  chest. 

Xon-expansive  inspiration  is  attendcii  with  retraction  of  the  inter- 
spaces.  This  sign  is  especiallv  notiooable  in  the  inframammarv.  the  infra- 
axillary,  and  the  infraclavicular  n^gions  in  j^rtial  atele<'tasis  or  coUapse  of 
the  lungs.  in  obstruction  of  the  glottis  as  in  l^seudomembranous  larvngitis, 
oedema  of  the  glottis,  or  i>seudomembranous  bn>nchitis  such  as  oceurs  in 
infralarvngeal  diphtheria  or  in  the  vlitTust-  atelectasis  of  bn^nchopneumonia. 
Under  those  conditions  both  sidcs  art^  involveil,  When  a  main  bronchus 
is  occluded  the  sucking  in  of  t  ho  intomKstal  s|\Hces  ujx>n  inspiration  is 
limited  to  the  affected  side.  This  plunmnuMum  is  causeii  by  intrathoracic 
negative  pressure  during  inspiratitui,  iu  constHiueui-e  of  which  the  soft 
parts  of  the  thoracic  wall  yield  to  t  ho  oxtorual  prt^^ure  of  the  atmosphere 

(b)  Increased  expanmon  of  one  siile  of  the  chest  is  usually  com- 
pen8atory.    It  oceurs  wh©n  the  re«pinitory  nioveinent  of  the  oppoeite  side 
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is  interfered  with  by  pathological  conditions  of  the  lung,  as  tuberculosis, 
pneumonia,  fibrosis  and  atelectasis  from  other  causes,  or  by  pleural  efifu- 
sion,  pneumothorax,  or  tumor,  and  thus  becomes  a  sign  of  those  conditions. 

The  Diaphragm  Phenomenon  —  Litten^s  Sign.  —  The  diaphragm  ap- 
proaches  the  wall  of  the  thorax  in  expiration  and  comes  into  contact  with 
it  at  the  end  of  the  act.  It  is  separated  or  peeled  off  from  it  in  inspiration. 
These  movements  are  rendered  visible  by  the  procedure  suggested  by 
Litten  in  1892.  The  patient  is  placed  upon  his  back  with  his  chest  bared 
and  his  feet  toward  a  window.  Cross  lights  are  excluded.  If  the  examina- 
tion  is  made  at  night,  a  strong  light  held  at  the  foot  of  the  bed  serves  the 
purpose.  The  observer  stands  at  a  little  distance  and  view8  the  surface 
of  the  lower  part  of  the  chest  obliquely.  Upon  deep  inspiration  a  short, 
narrow,  horizontal  shadow  is  seen  to  move  from  the  sixth  intercostal  space 
downward  over  two  or  more  interspaces  upon  both  sides.  During  expira- 
tion  this  shadow  moves  up  again  to  the  line  from  which  it  started  but  is 
less  distinct.  It  may  in  some  cases  be  seen  in  the  epigastrium.  This  phe- 
nomenon is  practically  present  in  ali  healthy  persons,  the  only  exceptions 
being  due  to  abnormal  thickness  of  the  chest  walls  and  mability  on  the 
part  of  the  patient  to  make  full,  deep  respiratory  movements.  jt  is  best 
observed  in  young,  lean,  muscular  persons.  The  extent  of  the  movement 
of  the  shadow  in  normal  chests  is  about  two  and  a  half  inches;  upon  forced 
breathing  slightly  more  than  this. 

The  descending  shadow  is  due  to  the  undulation  of  the  chest  wall 
caused  by  the  separation  of  the  diaphragm  from  its  contact  with  the  lower 
part  of  the  thorax  and  the  descent  of  the  border  of  the  lung  into  the  wedge- 
shaped  space  between  them  during  inspiration,  and  the  reverse  shadow 
by  the  retraction  of  the  lung  and  the  coming  together  of  the  diaphragm 
and  chest  wall  during  expiration. 

The  shadow  is  absent  upon  the  affected  side  in  pneumonia  of  the 
lower  lobe,  pleural  effusion,  extensive  pleural  adhesions,  intrathoracic 
tumors,  and  marked  emphvsema.  In  these  conditions  the  diaphragm 
does  not  approach  and  recede  from  the  chest  wall  and  the  undulations 
which  cause  the  shadow  do  not  occur.  The  extent  of  the  movement  is 
Jessened  in  conditions  of  debility,  slight  emphysema,  and  upon  the  affected 
side  in  phthisis.  In  the  latter  condition  there  are  probably  two  factors  in 
restricting  the  movement,  diminished  pulmonary  expansion  and  limited 
pleural  adhesions. 

Litten's  sign  is  present  in  hepatic  and  splenic  enlargements  and  in 
subphrenic  abscess  and  may  be  of  service  in  the  differential  diagnosis 
between  those  conditions  and  pleural  effusion.  In  very  large  ascites  it 
may  be  absent. 

The  Movements  of  the  Heart.  —  Inspection  yields  important  phvs- 
ical  signs  in  regard  to  the  heart  and  great  vessels  in  health  and  disease. 
These  signs  relate  to  (a)  the  cardiac  impulse;  (b)  other  movements  of 
the  surface  having  the  cardiac  rhythm:  (1)  pulsations  at  the  root  of 
the  neck,  (2)  aneurism,  (3)  tumors  in  contact  with  large  arterial  trunks, 
(4)  pulsating  empvema. 

(a)  The  Cardiac  Impulse.  —  With  the  systole  of  the  heart  there  is 
seen  in  most  normal  chests  an  outward  movement  or  pulsation  in  a  limited 


70  MEDICAL  DIAGNOSIS. 

area  in  the  fifth  left  intercostal  space  just  beyond  the  parastemal  line — 
the  \isible  impulse  or  so>calIed  apex-beat  of  the  heart.  In  infants  and  voung 
children,  owing  to  the  propcM^ionately  greater  size  of  the  liver,  the  impulse 
is  often  \dsible  as  high  as  the  fourth  interspaee,  while  in  aged  persons  it 
mav  normally  be  as  low  as  the  sixth  interspace.  It  is  oceasionalIy  absent 
in  healthy  persons,  especially  those  having  deep  chests  and  eapacious 
lungs.  It  invariably  takes  plače  at  the  tirne  of  the  eontraction  of  the 
ventricles.  The  most  important  factor  in  the  production  of  the  impulse 
is  the  change  in  the  direction  of  the  long  axis  of  the  ventricles  against  the 
resistance  of  the  chest  wall.  It  is  a  mistake  to  speak  of  it  as  a  "blow" 
or  '*impact ''  against  the  wall  of  the  chest,  since  that  part  of  the  heart  which 
causes  it.  namelv,  the  apex  of  the  right  ventricle.  is  alreadv  in  contact  with 
the  wall  in  diastole  and  simplv  becomes  more  tense  and  prominent  during 
svstole.  Around  the  point  \vhere  the  soft  parts  are  protruded  by  the  impulse 
thev  are  verv  slightly  retracted  at  the  time  of  its  occurrence — the  "negative 
impulse.'*  This  is  due  to  the  lessening  size  of  the  contracting  ventricles, 
which,  being  air-tight  within  the  ca^tv  of  the  chest,  must  be  followed 
down  under  the  pressure  of  the  atmosphere  by  the  elastic  and  vielding 
lungs  anj  the  somewhat  yielding  intercostal  tissues.  A  clear  conception 
of  this  fact  renders  intelligible  the  svstolic  recession  of  the  chest  wall 
occasionallv  seen  in  emaciated  persons  in  the  third,  fourth,  or  even  the  fifth 
intercostal  space.  close  to  the  left  border  of  the  sternum. 

Since  the  normal  impulse  is  caused  by  the  apex  of  the  right  ventricle 
and  not  by  that  of  the  left.  which  extends  further  downward  and  is  sepa- 
rated  from  the  wall  of  the  chest  by  a  tongue-like  projection  of  the  lower 
lol«  of  the  left  lung,  the  apex  of  the  right  ventricle  is  sometimes  spoken 
of  as  the  **clinical  apex''  and  that  of  the  left  ventricle  as  the  ''anatomical 
apex''  of  the  heart. 

The  normal  impulse  is  usuallv  limited  in  extent.  often  not  exceeding 
an  inch  square.  Its  position  varies  somewhat  with  the  posture.  When 
the  patient  lies  upon  the  left  side,  it  mav  shift  an  inch  or  more  towards 
the  axillary  line.  and  a  similar  displacement  to  the  right,  but  less  in  extent, 
takes  plače  when  he  lies  upon  the  right  side.  The  impulse  is  less  marked 
and  less  extensive  in  the  recumbent  than  in  the  erect  posture.  These 
changes  in  the  position  of  the  heart  are  caused  by  corresponding  altera- 
tions  in  the  position  of  the  apex  under  the  influence  of  gra\'ity.  The  posi- 
tion of  the  impulse  is  little  inHuenced  by  quiet  breathing.  but  as  the  dia- 
phragm  sinks  and  the  lower  ribs  are  elevated  in  inspiration  a  change  in 
the  relation  of  the  apex-l)eat  to  the  chest  wall,  in  some  instances  amounting 
to  an  interspace,  mav  be  observeii  u[x>n  forced  breathing. 

The  impulse  becomes  forcible  and  extendeil  \vhen  the  normal  heart  is 
acting  rapidly  and  with  force  under  phvsioal  or  mental  stress  and  in  thin, 
nervous  persons.  and  it  is  often  extemlevl  in  voung  chihlren  even  at  rest! 

The  character  of  the  impulse  and  its  extont  are  U-st  studied  by  palpa- 
tion,  but  inspection  alone  enables  us  in  manv  cjises  to  determine  that  the 
impulse  is  extended,  heaving,  tappmg,  or  undulatorv. 

DisPLACKMENTS  OF  THE  Impvi-sk  OF  THK  llKMiT.—Displacements  due 
to  Changes  in  the  Heart  /<»f//.-The  jmpulse  is  displaced  downward  and 
toward  the  left  in  hypertrophy  and  dilatation  of  the  heart,  and  the  combi. 
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nation  of  these  conditions  is  the  most  common  cause.  Enlargement  of 
the  left  ventricle  tends  to  displace  the  visible  impulse  downward,  enlarge- 
ment of  the  right  ventricle  tends  to  displace  the  impulse  to  the  left,  and 
both  of  these  conditions  tend  to  increase  its  extent. 

Pressure  Displacements  are  next  in  Order  o  j  Frequency. — The  heart  is 
disloeated  upward  in  pressure  from  below  the  diaphragm,  as  in  excessive 
tympany,  ascites,  massive  tumors,  large  cysts,  and  pregnane  v.  In  any  of 
these  conditions  the  impulse  may  be  seen  in  the  fourth  interspace  and  to 
the  left  of  the  midclavicular  line.  The  heart  in  pleural  effusion,  pneumo- 
thorax,  or  rapidly  growing  malignant  tumors  of  the  pleura,  is  displaced 
toward8  the  opposite  side.  When  these  conditions  are  left-sided  the 
impulse  may  disappear  behind  the  sternum  or  become  visible  at  its  right 
border,  or  in  extreme  cases  in  the  right  nipple  line.  In  large  right-sided 
efTusions,  on  the  contrary,  the  impulse  may  be  displaced  as  far  left  as  the 
line  of  the  anterior  axillary  fold.  Cysts  and  abscess  in  the  right  lobe  of 
the  liver  may  displace  the  heart  somewhat  to  the  left  and  shift  the  impulse 
to  a  corresponding  extent. 

The  heart  may  be  displaced  downward  by  an  aneurism  of  the  arch  of 
the  aorta  or  a  mediastinal  tumor.  Under  those  circumstances  the  impulse 
is  not  only  lower  than  normal  but  it  is  also  somewhat  further  to  the  left. 

Traction  displacements  of  the  heart  occur  in  pulmonary  cirrhosis  and 
long-standing  disease  of  the  pleura.  The  displacement  is  toward  the  affected 
aide.'  Pleuropericardial  adhesions  and  negative  pressure  constitute  the 
meehanical  factors  by  which  this  group  of  displacements  is  brought  about. 
A  cardiac  impulse  may  be  seen  to  the  right  of  the  sternum,  or  to  the  left 
of  the  left  midclavicular  line,  or  if  there  be  great  retraction  of  the  upper 
lobe  on  either  side  there  may  be  visible  cardiac  pulsation  at  the  corre- 
sponding border  of  the  manubrium.  Spinal  curvatures  and  rotations  may 
produce  such  displacement  of  the  heart  as  to  cause  a  wholly  abnormal 
position  of  the  visible  cardiac  impulse  or  its  absence  altogether.  Dextro- 
cardia  may  be  the  cause  of  a  right-sided  impulse,  an  anomaly  also  present 
in  complete  transposition  of  the  viscera. 

Systolic  Retraction.  —  I  ha  ve  already  spoken  of  the  negative 
impulse  present  under  normal  conditions  in  the  immediate  proximity  of 
the  apex-beat  and  the  more  extended  svstolic  recession  of  the  interspaces 
occasionaIly  seen  along  the  lower  sternal  border.  These  are  distinctly 
accentuated  when  a  hypertrophied  and  8omewhat  dilated  heart  is  acting 
forcibly.  As  these  forms  of  systolic  recession  are  due  to  atmospheric  pres- 
sure, they  may  be  spoken  of  as  pulsion  recessions  in  contradistinction  to 
those  due  to  Ihe  drawing  in  of  the  surface  in  consequence  of  adhesions, 
which  may  be  called  traction  recessions. 

The  latter  are  seen  in  adherent  pericardium  with  chronic  mediastinitis. 
The  impulse  is  undulatory  and  in  the  region  of  the  apex  there  is  marked  sys- 
tolic  retraction.  Owing  to  the  enlargement  of  the  heart  the  precordial  region 
is  prominent  and  the  chest  a8ymmetrical.    The  impulse  is  greatly  extended. 

Bboadbent^s  Sign. — When  the  heart  is  extensivelv  adherent  to  the 
diaphragm,  there  occurs  with  each  pulsation  a  systolic  tug.  This  may  be 
communicated  through  the  diaphragm  to  the  points  of  its  insertion  in  the 
waU  of  the  chest  and  well  seen  in  the  eighth  and  ninth  intercostal  spaces  in 
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the  parasternal  line;  but  Broadbent  has  pointed  out  the  fact  that  it 
is  often  also  seen  on  the  left  side  behind,  between  the  eleventh  and 
twelfth  ribs.  Careful  inspection  in  this  region  will  frequently  reveal  a 
8ystolic  retraction  of  the  chest  wall,  which  becomes  more  evident  upon 
deep  inspiration. 

ViSIBLE    PULSATIONS    OF    THE    HeART    IN    ReGIONS    OTHER    THAN    THE 

Apex. — These  are  mostly  due  to  retraction  of  the  lungs.  In  debilitated 
and  bed-ridden  persons  and  especially  in  the  graver  forms  of  ansemia,  the 
breathing  is  shallow  and  the  lungs  are  not  fully  expanded.  Their  borders 
are  therefore  more  or  less  withdrawn  from  the  space  whieh  they  normally 
occupy  between  the  heart  and  the  chest  wall.  The  pulsations  of  the  conus 
arteriosus  and  right  ventricle  thus  frequently  become  visible  in  the  second, 
third,  and  fourth  left  interspaces  near  the  sternal  border.  In  some  instances 
these  pulsations  may  also  be  observed  to  the  right  of  the  sternum.  Such 
pulsations  are  also  seen  when  the  borders  of  the  lungs  are  retracted  as  the 
result  of  fibroid  phthisis. 

(b)  Other  Movements  of  the  Surface  of  the  Chest  having  the  Cardiac 
Rhythiii. 

1.  Pulsations  at  the  root  of  the  neck  will  be  described  and 
their  significance  as  physical  signs  pointed  out  in  a  subsequent  section. 
They  are  venous  and  arterial. 

Prominence  of  the  veins  of  the  neck  is  observed  in  emaciated  and 
elderly  persons  otherwise  in  health.  These  veins  are  more  or  less  distended 
upon  expiration,  particularly  when  cough  occurs  or  dyspnoea  is  present. 
Transient  engorgement  results  from  efforts  at  lifting  or  from  straining. 
Pathological  conditions  that  give  rise  to  engorgement  of  the  jugulars  are 
aneurism,  mediastinal  tumor,  adhesive  mediastinitis,  and  obstruction  to 
the  pulmonary  circulation  from  any  cause.  Respiratory  engorgement 
and  collapse  of  the  jugulars  are  especially  marked  in  the  dyspn(Ba  of 
asthma  and  emphysema. 

Collapse  of  the  jugular  upon  one  side,  not  disappearing  when  pressure 
is  made  upon  it  immediatelv  above  the  clavicle,  is  a  sign  of  thrombosis  of 
the  lateral  sinus. 

Pulsating  Jugulars,  —  The  pulsations  are  best  studied  on  the  right 
side  of  the  neck  and  during  quiet  breathing.  Pulsation  communicated 
from  the  underlving  carotid  mav  be  recognized  by  emptving  the  vein  by 
stripping  it  upward  gentlv  with  the  finger-nail  or  the  blunt  edge  of  the 
tongue  spatula.    It  does  not  refill  from  below. 

The  visihle  pulsations  in  the  carotids  often  seen  in  thin.  nervous  persons 
without  disease  of  the  heart  are  without  clinical  importance.  Violent 
throbbing  of  the  carotids  is  common  in  aortic  regurgitation  and  frequently 
occurs  in  simple  hvpertrophv  of  the  heart  without  valvular  lesions. 

2.  Aneurism. — Careful  inspection  of  the  anterior  surface  of  the  chest 
must  be  made  in  ali  cases  of  susi>ected  aneurism.  Direct  and  oblique 
illumination  must  be  in  turn  emploved,  and  the  examination  must  be  so 
conducted  that  profile  vie\vs  are  made  from  above,  the  patient  being  in 
the  sitting  posture,  and  from  the  side,  the  patient  being  recumbent.  In 
this  way  slight  pulsations  and  pulsating  prominences  may  be  discovered. 
The  pulsation  of  aortic  aneurism  is  commonly  present  in  the  first  and  second 
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right  interspaces  near  the  sternal  border  and  is  sometimes  accompanied 

by  slight  By8tolic  elevation  of  the  inner  end  of  the  clavicle,     When  the 

innoDunate  is  involved  the  pulsation  may  be  seen  at  the  root  of  the  neck 

upon  the  right  ^de  or  at  the  notch  of  the  stemum.    Aneurismal  pulsations 

Bometimes  occur  to  the  left  of  the  manubrium  sterni  and  elsewhere  in  the 

chest  and  are  to  be  sought  for  in  every  doubtful  čase.     Aneurisms  that 

have  perforated  the  chest  wall  appear  as  circumsrribed  globular  or  irregular 

pulsating  tumors,   the  overlying  akin   being  thinned  and  adherent  and 

ultiinately  ulcerated,  so  that  there  is 

fluperScial  clot  formation  and  more 

or  less  continuous  oozing  of  blood. 

The  tumor  may  be  soft  and  fluctu- 

ating;    more  commonly  in  conse- 

quence  of  the  deposition  of  stratified 

fibrin  layers  within  the  sac  it  is  dense 

Bod   reeistant.     In  the  former  čase 

the  pulsation  is  expansile;  nhile  in 

the  latter  čase  it  is  apt  to  be  non- 

expansile.  but  forcible  and  heaving. 

3.  Tumors  in  Contact  with 
Laroe  Arterial  Trunks.— En- 
larged  lymph-nodes,  especially 
when  single,  and  neoplasms  in  the 
neck  overlying  the  carotid  artery 
sometimes  move  Bynchronously 
with  the  pulsations  of  the  vessel  and 
preaent  superfirial  resemblances  to 
aneurisms.  The  tumor  is  dense, 
the  pulsation  not  expansile,  and 
other  signs  of  aneurism  are  lacking. 

4.  PuLBATiNG  Pleurisv. — In 
neglected  purulent  effusions  a  pul- 
Shting  movement  synchronous  with 
the  cardiac  rhythm  is  sometimes 
obeerved.  The  cases  are  not  numer- 
0U8.  The  phenomenon  is  almost 
alwayB  associated  wifh  left-sided 
efTusions  and  occupies  an  extensive 
area  of  the  lower  antcrolateral  sur- 

face  of  the  left  chest.  In  cases  where  it  is  rircumscribed  and  confined 
to  the  precordial  region  the  differential  diagnosis  relates  lo  aneurism 
and  is  attended  with  difficully.  A  Hmited  nuniber  of  cases  have  been 
right-sided  and  in  one  or  two  of  the  rept)rted  instances  the  effusion  has 
been  serofibrinous.  Pulsating  empvemata  may  be  intrapleural  or  the 
pulsations  may  occur  in  the  e.vtrapleural  cmpi/ema  mcessilalis.  None  of 
the  eJtplanations  of  the  mechanism  by  which  the  cardiac  impulse  in  these 
cases  is  transmitted  through  the  pus  collection  to  the  surface  of  the  lOiest 
is  sattsfactory.  An  importnnt  factor  is  superficial  ulceration  of  the  costal 
pleura  with  loss  of  tone  in  the  intercostal  muscies. 
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Inspection  of  the  Abdomen. 

In  the  examination  of  this  portion  of  the  body  the  patient  should  be 
in  the  recumbent  position  and  preferablv  in  bed.  The  abdomen  in  exposed 
from  the  arch  of  the  ribs  to  the  suprapubic  region.  The  patient  should 
lie  straight  and  flat.  The  head  should  be  at  first  low  and  the  lower  limbs 
extended;  later  the  head  should  be  raised  upon  pillows  and  the  thighs  and 
knees  strongly  flexed,  the  heels  being  drawn  up  towards  the  buttocks, 
in  order  to  relax  the  abdominal  wan;  finally  it  is  often  neeessary  to  ha  ve 
the  patient  assume  the  standing  posture,  in  which  čase  the  clothing  or  a 
sheet  is  supported  about  the  hips  by  the  patient  or  an  assistant.  The  light 
must  be  good  and  the  examination  made  from  above,  from  the  sides  and 
obliquely.  Physical  signs  of  importance,  such  as  asymmetry  in  contour 
or  movement  or  slight  local  elevation  or  depression  of  the  surface,  may 
often  be  detected  when  otherwise  not  very  obvious,  if  the  observer  stands 
at  the  patient 's  head  and  views  the  abdomen  obliquely  from  above  down- 
wards.  Combined  inspection,  palpation,  and  percussion  are  necessary. 
Auscultation  is  of  inferior  value  in  the  examination  of  this  region. 

(a)  The  Normal  Abdomen.  —  In  infants  and  young  children  the 
abdomen  is  relatively  larger  as  compared  with  the  size  of  the  chest  than  in 
adults.  It  is  also  more  protuberant  than  in  well-formed  adults.  It  is 
larger  in  women  than  in  men  and  is  enlarged  and  protuberant  in  obese 
and  elderly  persons.  In  thin  women  who  have  borne  many  children  it  is 
relaxed,  coarsely  wrinkled,  and  pendulous.  Tight  corsets  cause  bulging 
of  its  lower  segment.  Transient  prominence  of  the  upper  segment  may 
sometimes  be  observed  after  a  hearty  meal. 

The  size  of  the  abdomen  in  health  varies  greatly  in  difTerent  individuals 
according  to  the  amount  of  subcutaneous  and  omental  fat  and  the  size  of 
the  intestines,  which  are  apt  to  be  distended  in  persons  who  habitually 
eat  large  quantities  of  coarse  food.  The  physiological  enlargement  of  the 
abdomen  in  pregnaney  is  frequently  enormous. 

The  normal  abdomen  is  8ymmetrical  in  contour,  slightly  arched  from 
above  downward  and  from  side  to  side,  the  curves  being  more  prominent, 
especially  in  the  lower  part,  in  the  erect  than  in  the  recumbent  posture. 
The  navel  is  shallow  and  marked  by  irregularly  spiral  folds  of  skin  in  thin 
persons  and  deep  and  funnel-shaped  in  those  who  are  fat. 

The  skin  of  the  abdomen  in  healthy  persons  is  opaque  and  the  super- 
ficial  veins  are  not  conspicuous.  In  brunettes  regularly  distributed  areas 
of  increased  normal  pigmentation  are  present  in  the  median  line  and 
above  the  flexures  of  the  thighs.  This  coloration  is  deepened  and  con- 
spicuous in  pregnancy — chloasma  uterinum.  The  respiratory  movements 
of  the  diaphragm  are  communicated  to  the  upper  portion  of  the  abdomen, 
the  ensiform  cartilage  and  the  arch  of  the  ribs  being  elevated  and  becom- 
ing  more  prominent  with  inspiration.  In  persons  ^\^th  very  thin  and 
relaxed  abdominal  walls  the  peristaltic  movements  of  the  stomach  and 
intestines  may  be  occasionally  seen. 

(b)  Inspection  of  the  Abdomen  in  Disease.  —  We  8tudy  the  size  of 
the  belly  as  manifest  in  general  or  local  retraetion  or  distention,  alteratipn 
in  form  and  contour,  the  appearance  of  the  surface  and  abnormal  move- 
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noents.  In  thie  connection  the  general  rule  that  the  size  of  a  hollow  ana- 
tomical  structure  or  viscus  variea  with  the  contents  must  be  borne  in  mind. 

Oeneral  Retnction  of  the  Abdomen.  —  When  the  longitudinal  and 
transverse  curves  of  the  surface  are  reversed  and  become  concave  instead 
of  convex,  the  abdomen  is  described  as  scaphoid  or  boat-shaped.  Two 
factors  raay  cause  this  condition  and  they  are  frequently  combined,  namely, 
extreme  wasting  and  irritative  tonic  spasni  of  the  abdominal  walls.  The 
former  occura  in  actual  starvation;  inanition  from  any  cause,  e8pecially 
malignant  disease  of  the  Iarynx  or  rcsophagus,  stricture  of  the  latter  from 
other  causes,  stricture  of  the  pyloru3  without  marked  gastric  dilatation, 
dial>ete3,  phthisis,  cerebrospinal  fever,  cholera,  chronic  diarrhcea,  anorexia 
nervosa,and  the  pernicioua  vomiting  of  prcgnancy;  the  latter,  in  nieningitiB, 
cerebral  tumor,  and  lead  colic,and,eapeclally  wl!en  combined  with  muscular 
rigidity  and  marked  tenderness,  is  a  most  important  sign  of  early  peritonitis. 

Extreme  retraption  of  the  abdomen  occura  in  wasting  of  the  subcu- 
taneous  and  omental  fat  and  atrophy  of  the  abdominal  organa. 


Tia.  37. — Soapboi 


Local  retractlons  of  the  abdomen  are  not  of  importance  as  phvsical 
Mgns.  They  are  seen  around  the  base  of  large  hernias,  esj>ecially  in  the 
lateral  regions  of  the  abdomen,  in  large  ventral  hernias,  and  in  the  upper 
regiona  in  diaphragmatic  hernias.  These  areas  of  depression  disapoear 
when  the  herniaa  which  cause  them  are  reduced. 

In  moderatelv  large  peritoneai  effusions  of  some  standing,  when  the 
patient  assumes  the  lateral  decubitus  the  side  of  the  abdomen  which  is 
uppermost  show3  a  concave  retraction  while  the  anterior  and  dependent 
portions  bulge  more  prominently. 

Oeoeral  Distentlon  of  the  Abdomen. ^This  condition  may  bc  caused 
by  aubcutaneous  and  intra-abdominal  fat,  the  excessive  accumulation  of 
gas  in  the  stomach  or  intestines,  fluid  in  the  abdominal  wall  or  peritoneai 
ca\ity  or  both  combined.  or  a  large  intra-abdominal  tumor  or  cyst, 

Šubculaneous  and  intra-abdominal  fat  accumulalions  in  the  obese 
frequently  cause  enormous  distention  of  the  belly.  In  such  cases  there  is 
eseessive  and  often  irregular  development  of  the  pannicuius  adipo.'^us  else- 
where;  while  in  ascites  and  tumor  the  general  nutrition  is  usually  impaired. 
In  cases  where  there  is  reason  to  suspect  pregnancy  or  the  presence  of  an 
abdominal  tumor  a  large  deposit  of  fat  may  render  the  diagnosis  diffi- 
eult.  Large  accumulations  of  fat  in  the  omentum,  such  as  sometimes 
occur  in  persons  of  middle  age,  may  simulate  pregnanry  or  a  tumor. 
Pat  in  the  belly  vvalls  interferes  greatly  with  the  c\amination  by  meaos 
of  the  X-ray8. 
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Tke  Ezcessive  AccumiU(Uion  of  Oas  —  Meteorism,  Tympanites.  —  The 
distention  is  symmetrical  and  inay  be  extreme,  There  is  tvmpatiitic 
percusaion  resonance  and  absence  of  fluctuation.  The  aeeociation  of  these 
phy8ieal  signs  renders  the  diagnosis  eaey.  When  extreme  the  eondition 
causes  restriction  of  respiratory  movement,  the  disappearance  of  the 
respiratory  excurEus  in  the  epigastric  zone,  and  displacement  of  the 
cardiac  impulse  upward  as  high  as  the  fourth  interspace  and  to  the 
left  of  its  normal  position. 

Moderate  distention  may  result  from  injudicious  eating,  acute  and 
chroniu  gastro-intestinal  disorders,  espedally  in  neurotic  persons,  and  the 
slight  paresis  of  the  intestines  which  occura  in  acute  febrile  diseases,  as 
enteric  fever  or  pneumonia.  Nervous  women  are  apt  to  "bloat."  as  it 
is  popularly  called,  after  eating.  Excessive  tympany  occura  in  grave 
cases  of  the  infectious  diseases,  as  enteric  fever  ^th  deep  ulceration, 
septic  conditions,  acute  general  peritonitis,  intestinal  obstniction,  after 
the  release  of  a  constricted  loop  of  intestine  after  operation,  as  in 
strangulated   hernia,  and  in  some  cases  of   hysteria. 


Frec  gas  in  tke  pcntoneal  cavtli/  occurs  as  the  result  of  the  perforation 
of  an  air-pontaining  viscus  into  that  space.  The  abdomen  is  greatly  and 
uniformly  distended,  its  surface  tense  and  smooth,  the  outlinesof  intestinal 
convolutiona  and  verniicular  movements  are  not  visible,  and  the  respira- 
tory  movement  of  the  upper  part  of  the  abdnmen  ceases.  The  most  common 
causal  conditions  are  peptic  ulcer  of  the  stomafh  or  duodenum,  a  perforat- 
ing  typhoid  ulcer,  and  ulcerative  nr  necrnlic  appendicitis.  As  the  air  occu- 
pies  the  highest  region  of  the  cavitv,  it  causes  a  disappearance  of  the  normal 
percussion  dulness  of  the  liver  and  spleen.  \vhich  is  replaced  by  a  tympaDitic 
note  in  these  areas,  of  the  same  character  as  that  over  the  abdomen  else- 
where.  The  mere  disappearance  of  the  hepatic  dulness  does  not,  however, 
justify  the  diagnosis  of  pneumopcritoneum.  since  the  intestines  and  espe- 
oially  the  Iransverse  colon  mav  ofcupy  the  space  between  the  liver  and 
the  wall  of  the  thorax  and  separate  them  completelv.  Moreover.  the  liver 
dulness  may  be  greatlv  diminished  in  pulmonary  emphvsema  of  high  grade, 
atrophic  cirrhosis  of  the  liver  and  acute  ycllow  atrophy.  The  diagnosis  of 
free  air  in  the  peritoneum  may,  however.  l>o  determined  by  careful  per- 
cussion in  the  axillary  line  according  to  the  following  procedure:  In  the 
dorsal  posture  there  is  dulness  alike  in  the  eondition  under  consideration 
and  when  the  liver  is  separated  from  the  wall  of  the  thorax  anteriorly  by 
the  distended  intestine.     'VVhen,  however,  the  patient  is  turned  upon  his 
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le  there  a!way8  remaina  a  limited  area  of  dulneas  in  the  axillary 
gh  up  in  the  caae  of  meteorism,  while  the  dulness  wholly  disap- 
n  the  čase  of  pneumoperitoneum.     The  same   method  of  exani- 

is  applicable  to  the  spleen,  although  the  small  sise  of  this  organ 
)    its    recognition    alike    in    large 
ism  and  in  pneumoperitoneum  a 

of  much   greater  difficulty  than 

caae  of  the  Uver. 

uid  in   tke   Abdominal    W(Ul   or 

eal  Cavity. — An  exces8ive  dropsy 

wall  in  some  cases  of  anaaarca 
ause  distcntion  of  the  abdomen. 
ondition  13  encountered  in  acute 
tis  and  in  the  later  stages  of 
rascular  disease.  The  abdomen  is 
doughy,  and  pits  upon  pressure; 
)re  dependent  parts  of  the  body, 
iklea,  legs,  thighs,  and  pudenda,  are 
(sdematous,  and  the  condition  is 

associated  with  effusion  into  the 
eum  and  sometimes  also  into  the 
srous  cavities.  The  palhd  and  puffy 
n  acute  nephritis  ia  characteristic. 
icites  or  free  Auid  in  tke  cavily  of  tke 
eum  yields  characteristic  physical 

The  enlargement  of  the  abdomen 
Tal  and  8ymmetrical.  lis  degree 
tline  depend  upon  the  amount  of 
id  and  the  fact  that  under  the 
ce  of  gravity  it  changes  its  poation  with  changea  in  the  posture 
patient.  In  mgderate  efFusions,  in  the  dorsal  decubitus  the  middle 
abdomen  is  more  or  less  Hattened  while  the  lateral  regions  bulge 
d,  in  the  lateral  decubitus  the  lower  lateral  and  anterior  walla  of  the 


rotrude  while  that  which  is  uppermost  is  alightlv  incurved,  in  the 
bow  posture  the  weight  of  the  fluid  causes  the  abdomen  to  sag 
n  an  unusual  manner,  and  in  the  erect  posture  the  loner  segment  of 
lomen  is  e3pecially  prominent.  In  ali  these  pusitions  there  is  dul- 
»on  percussion  over  the  dependent  areas  and  tympanitic  resonance 
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over  the  upper,  since  the  fluid  gravitates  toward  the  dependent  regions  of 
the  cavity  and  the  air-containing  intestJnes  Roat  upon  it  in  the  upper 
spaces.  Ascites  in  a  belly  previously  relaxed  or  pendulous  causes  in  the 
erect  posture  a  prominent  and  8omewhat  conical  aymniet[ical  protriision 
of  the  lower  patu.  Massive  ancites  gives  rise  to  uniform  aymmctrical 
entargemcnt  of  the  abdomen,  but  littlo  infiu- 
enced  by  change  of  posture. 

Ascites  results  frorn  pathological  processes 
directly  implicating  the  peritoneum,  as  ordinarv 
infeetions  or  tuberculous  infiammation  or  ean- 
cer,  or  the  portal  vcssels,  as  the  preseure  of  new 
giowths,  fcall-stoncs,  cancerous  invasion,  ex1renie 
scleni.sis  or  pyloijhIcbitis  due  to  other  causes,  or 
diseasc  of  the  livcr.  Cirrhosis  of  the  liver  is  a 
common  cause  of  ascites.  Tumors  of  the  abdo- 
men and  especiallv  largc  solid  tumors  of  the 
o\'ary  are  frequently  attended  by  ascites.  The 
foiegoing  have  boen  s|>oken  of  as  local  causes. 
The  general  causes  of  ascites  are  those  which 
give  rise  to  anasarca  and  effusion  into  tbe  otber 
scrous  sacr<.  Peritoncal  effusion  resulting  from 
local  causes  is  not  usua))y  at  first  associated 
with  a'dema  of  the  lower  extremities.  As  the 
fluid  accumulates  it  exerts  pressure  upon  the 
largc  abdominal  vcins,  espccially  the  iliacs  and 
ascending  vena  čuva,  giving  rise  to  drapRy. 

Tumor  as  a  Caiise  o/  General  Abdominal 
EnJnrtjemenl. — The  pregnant  uterua,  ovarian, 
pancreatic,  and  hvdatid  cysts,  and  large  new 
giowtlis  cause  distention  which  niay  sJmulate 
tliat  due  to  the  causes  just  considcred.  The 
enlargement  caused  by  these  conditions  differs 
fnini  tliat  caused  by  fat,  tympany,  or  fluid  in 
bcirig  usually  more  prominent  in  the  anteroi>o«- 
trrior  than  in  the  bilatcral  dianieter,  not  so  svm- 
inolrical,  and  not  yiclding  uniform  signs  upon 
*' ''Muipri2'ytora'o'j!^itiic'h'™'  p!il|>ation  anil  |>ercu.s«on,  Other  cauHC?s  of  gcn- 
eial  culargenient  of  the  abdtimen  are  fecal  accu- 
mulation.  cancer  of  the  bowel,  [!is.seininatcd  cancer  of  the  peritoneum,  and 
large  peritoncal  or  rctroperitonpal  sarconiata  and  liponiata.  To  this  li&t  must 
be  addoti  hydroncplirosis  .ind  enorinous  ililatatiun  of  the  stomach  or  colon. 
Local  Prominence  of  the  Abdomen.— CirLuniscriliod  sivellings  or  tume- 
faction  luav  be  caused  l>y  ubnornial  coiiditiuns  of  the  bcUv  wall  or  of 
the  contents  of  the  cavitv.  Thcse  chaiiKcs  in  cnntour  should  be  carefullv 
soughf  for  in  ali  ca«cs  prcsenting  svniploms  referable  t"  the  abdominal 
viscera,  The  methods  of  espccial  value  aro  insjKtction,  pulpation,  and  per- 
cussion.     In  fhin  pcrsons  radioscopv  yields  important  rosults. 

The  recognition  of  the  nature  of  local  bulginga  in  the  alidominal  wall 
is  as  a  nile  not  attended  by  great  difficultv.  but  the  diagnosis  of  visceral 
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tumors  is  frequently  obacure  and  in  niany  cases  can  only  be  po8itively 
determined  by  an  exploratory  operation, 

LOCAL    PrOMINENCEB    DUE    to    ChaNOF.S    in    THE    \VaLL    OF    THE    Ab- 

DouEN. — These  comprise  abnormal  conditions  of  the  muscies,  irregular 
colleotions  of  subcutaneous  fat,  hernia,  absce&s,  en)arged  lymph-glands, 
and  neoplasms,  particularly  sarcomata. 

A  spasmodicaUy  contracUd  reclus  muscle  may  simulate  a  tumor.  The 
diagnostician  must  be  on  Ms  guard  against  the  appearance  and  sensation 
imparted  to  the  toueh  by  a  contracted  right  rectus  in  the  pvloric  rogion. 

Pkantom  Tumor. — The  condition  known  as  phantom  tumor,  due  to 
persistent  gaaeous  distention  of  a  knuckle  of  gut  with  spasmodic  contrnc- 
tion  of  the  overlying  muscle,  causes  a  tumor-like  8welling.    Such  sneltings 


appear  and  disappear,  with  alterations  in  contour  and  position;  sometimea 
eubside  under  gentle  friction  wiih  Ihe  warmed  hand  and  always  under 
aniesthesia.  They  occur  in  hyaterical  persons.  Kitz  has  suggcsled  that 
in  some  of  the  cases  phantom  tumors  are  aymptomatic  of  congenital  or 
acquired  dilatation  of  the  colon. 

Fat.  —  In  very  obese  persons  remarkable  rolls  and  masscs  of  sub- 
cutaneous  fat  collect  in  the  abdominal  wall.  These  are  usuallv  but  not 
always  symmetrical  in  arrangement,  and  mfty  simulate  tumors.  from  which 
they  niay  be  differentiated  by  Iheir  [■ontinuity  with  the  panniculus  adi- 
posus,  their  consistency  and  WHnt  of  tenderness,  und  the  general  condition 
of  the  patient.  Circumscrilred  fattv  tumors— lipo  mat  a— are  common. 
They  are  hemispherical  or  egg-shaped,  elastic,  painless.  somewhat  mov- 
ablci  and  more  common  in  the  lateral  and  posterior  asi>ent9  of  the  tnink 
than  in  the  abdominal  wall.    They  frequenfly  occur  in  spare  persons. 

Hernia. — No  examination  of  the  abdomen  is  complete  that  docs  not 
include  the  eites  of  hernia.    This  is  eBpccially  importanl  in  cases  attended 
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by  intestinal  obstruction  and  vomiting,  or  persistent  pain  in  the  inguinal 
region.  The  inguinal  and  femoral  regions  should  be  exanuned  by  palpation 
under  the  cover  of  the  sheet  or  elothing  and  if  necessary  by  inspeetion  as 
well.  Ventral  and  umbilical  hernias  and  scar-hernias  after  operation  may 
be  readily  recognized.  The  tumor  varies  in  consistency  aecording  as  it 
eonsists  wholly  of  gut  or  partly  of  omentum.  It  is  usually  soft,  without 
pain  upon  manipulation,  and  reducible.  It  varies  in  size  from  a  mere  nodule 
to  a  sac  containing  a  large  portion  of  the  abdominal  contents.  It  very 
often  disappears  spontaneously  when  the  patient  assumes  the  recumbent 
posture.  or  is  then  readily  reduced.  Strangulated  hernia  does  not,  as  a  rule, 
yield  to  taxis. 

Abscess, — Purulent  collections  in  the  abdominal  wall  may  be  recog- 
nized by  the  signs  of  inflammation,  swelling,  redness,  heat,  and  pain.  by 
their  contour,  and  especially  by  fluctuation.  Pus  may  form  in  any  part 
of  the  wall  or  find  its  way  to  any  point  upon  the  surface.  Appendiceal 
abscess  usually  forms  a  circumscribed,  fiuctuating  tumor  in  the  right 
lower  quadrant  of  the  abdomen. 

Ly7nph-nodes. — The  superficial  lymphatic  glands  of  the  groin  do  not 
form  visible  tumors  unless  distinctly  enlarged.  They  are  frequently  pal- 
pable  as  small  nodular  bodies  in  adults  who  are  in  good  health.  They  may 
become  enlarged  and  tender  in  injuries  of  the  leg  or  foot,in  venereal  disease, 
and  in  common  with  the  superficial  lymph  nodules  in  other  parts  of  the 
body  in  some  of  the  acute  infectious  diseases  and  in  particular  in  the  bubonic 
plague.  Slight  enlargement  of  the  inguinal  lymphatic8  is  common  in  gener- 
alized  malignant  diseases — carcinomatosis,  sarcomatosis.  Massive  enlarge- 
ment of  these  structures  takes  plače  in  Hodgkin^s  disease.  The  enlarged 
inguinal  glands  in  venereal  disease  and  the  plague  frequently  form  sup- 
purating  buboes. 

Neoplasms  of  various  kinds  may  develop  in  the  abdominal  wall.  The 
most  common  variety  is  sarcoma.  In  sarcomatosis  cutis  many  small 
subcutaneous  nodules  appear  scattered  over  the  abdomen.  In  a  recent 
čase  a  sarcoma  developed  at  the  umbilicus  and  was  followed,  after  opera- 
tion, in  about  a  year  by  a  small  nodule  in  the  immediate  neighborhood 
and  many  others  in  diflferent  parts  of  the  body. 

LocAL  Prominences  due  to  Abnormal  Conditions  within  the 
Abdominal  Cavitv. — These  conditions  comprise: 

Temporary  Dilatation  of  the  Stomach  from  Excesses  at  Table, 

Gastrectasis, 

Local  Gaseous  Distention  of  the  Bowel,  and  Intussusception. 

Fecal  Accumulations, 

Ectopic  or  Floating  Viscera, 

Visceral  Hypertrophies  and  Enlargements, 

Intra-  and  Peri  visceral  Abscess, 

Abscess  from  Caries  of  the  Spine, 

Cysts, 

Extra-uterine  Pregnancy, 

Abdominal  Aneurism, 

Glandular  Enlargements,  and 

Malignant  and  other  New  Growths. 
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Any  of  theae  can  exist  nithout  being  the  occasion  of  prominence 
K>gnizable  upOD  inspection;  but  under  favorable  conditions  this  method 
phy8ical  exainination  yielda  suggeative^^ven  positive — phy8ical  Bigns. 
ia  U8ually  a  que8tioii  of  the  degree  of  their  develnpment  re8pectively. 

ExceBsive  fat  and  muacular  rigidiiy  mask  the  signs  of  these  conditions, 
d  in  the  čase  of  great  abdominat  tenderness  a  sati8factory  exaniination 
impoasible.  The  plain  recognition  of  an  abdomina)  tumor  does  not  in 
ioatances  juatify  a  further  diagnosia  of  its  cause  or  nature. 

Gaatrectaais. — Temporary  dilatation  of  the  stomach  from  excesses  in 
ting  causes  in  persons  who  are  not  obeae  a  visible  prominence  in  the 
igastric  region.  Substantive  gaetrectasia  from  any  causc  Bhows  a  bulg- 
!;  of  the  abdominal  wall  in  the  region  of  the  umbilicus 
above  it.  This  bulging  bas  downward8  and  to  the 
t  the  outline  of  the  greater  curvature;  Lf  the  stomach, 
ia  verv  commonly  the  čase,  is  displaced  downward 
d  its  longitudinal  axis  more  vertica)  than  normal, 
B  outline  of  the  lesser  curvature  may  alao  be  visible 
low  the  ensiform  cartilage. 

InUstiiud  Obatruclion. — The  entire  abdomen  may  be 
itended  or  only  parts  of  it.  If  the  colon  be  distended 
hard  fecal  masses  the  course  of  the  bowel  is  marked 
an  elongated  eminence,  the  contours  of  which  cor- 
ipond  to  those  of  the  gut.  If  the  intestinal  stenoaig 
acute  a  local  area  of  gaseous  distention  without  peri- 
ilsis  occurs  above  the  obstruction,  The  obstruction 
ty  be  caused  by  fecal  accumulationij,  large  gall-stones, 
teroliths,  or  the  presaure  of  a  tumor.  Any  of  these 
iy  give  rise  to  a  distinct,  localized,  asymmetrical 
ominence  of  the  abdominal  wall. 

IrUussuBception  is  most  common  in  childhood  and 
ows  itself  as  an  elongated  sausage-shaped  tumor  usu- 
y  in  the  region  of  the  c^cum  or  at  the  sigmoid  flexure. 

Ectopic  or  Floaiing  Viscera. — General  splanchnop- 
»s — Gli5nard's  disease — causes  a  prominence  or  pro-  p,g  «.— vi««nin. 
ision  of  the  lower  segment  of  the  abdomen  and  is  Jj^'|j^j'''""'^''"°" 
mmon  in  women.  being  favored  by  tight  corsets,  the 
;thod  of  supporting  the  skirts,  and  the  relaxation  due  to  childbearing. 
iteroptosis  causes  a  similar  deformity  more  or  less  marked;  gastroptosis 
usuallv  associated  with  dilatatitm  of  the  stomach.  A  vertical  position 
the  stomach  may  be  congenital  or  actiuired  as  the  result  of  tight  lacing. 
le  pyloru8  then  occupies  a  position  in  the  median  hne  or  to  the  left  of 
and  tlie  greater  curvature  lies  below  the  level  of  the  umbilicus.  In  thin 
rsons  thc.se  displacements  of  the  organ  mny  soniptimes  be  demonstrated 
■  the  methods  of  phy3ical  diagnosis,  es|)ecially  if  it  l)e  inflated  with  gas 
llowed  by  the  introduction  of  water  throiigh  the  tul>e  so  that  the  greater 
rvature  may  be  determined  hy  dulncs.-*  on  percuasion  in  sharp  contrast 
th  the  tympanitic  resonance  of  the  colon. 

Floating  kidnei/  sometimes  gives  rise  to  an  oval  prominence  plainly 
sible  upon  inspection,  which  raay  be  niade  to  shift  its  position  or  dis- 


82  MEDICAL  DIAGNOSIS. 

appear  upon  manipulation  or  upon  changes  in  the  posture  of  the  patient. 
^he  swelling  caused  by  a  displaced  kidney  is  usually  upon  its  own  side, 
but  when  very  movable  it  may  sometimes  be  forced  beyond  the  median 
line  to  the  opposite  side.  It  may  occupy  a  position  anywhere  between  the 
ribs  and  the  pelvis  and  is  freely  movable  with  deep  respiration.  Ren 
mobilis  is  much  more  common  in  women  and  upon  the  right  side. 

FlocUing  Spleen. — The  normal  spleen  which,  in  consequence  of  elonga- 
tion  of  the  gastrosplenic  ligament  and  the  splenic  artery  and  veins,  has 
become  dislocated — lien  mobilis — does  not  cause  a  visible  abdominal 
swelling.  When,  however,  the  displaced  organ  is  also  enlarged,  as  is  fre- 
quently  the  čase,  there  may  sometimes  be  seen  a  rounded  swelling  upon  the 
left  side  in  any  position  frdm  the  hypochondrium  to  the  pelvis.  This 
swelling,  like  that  caused  by  the  dislocated  left  kidney,  with  which  float- 
ing  spleen  is  often  associated,  is  freely  movable  upon  manipulation  and 
change  of  posture. 

Floating  liver  is  among  the  rarest  of  clinical  or  anatomical  findings. 
The  dislocation  of  the  organ  is  usually  slight.  There  is  general  enlarge- 
ment  of  the  right  lateral  region  and  a  large  mass  of  characteristic  outline 
which  descends  when  the  patient  assumes  the  erect  posture.  Tympany  in 
the  upper  part  of  the  right  hypochondrium — normal  area  of  liver  dulness — 
disappearing  when  the  organ  is  replaced,  and  the  well-defined  lower  border  of 
the  liver  upon  palpation,  render  the  diagnosis  a  matter  of  comparative  ease. 

Enlargement  of  the  Gall-bladder.  —  This  condition  may  properly  be 
considered  at  this  point,  since  the  position  of  the  enlarged  bladder  is  very 
different  from  that  of  the  normal  gall-bladder.  The  enlargement  is  the 
result  of  cholecystitis,  frequently  associated  with  cholelithiasis,  or  carcinoma. 

The  gall-bladder  is  distended  by  a  serous  fluid  which  gradually  accumu- 
lates  in  consequence  of  the  inflammatory  changes  in  its  walls, — dropsy  of 
the  gall-bladder, — the  bile  no  longer  entering,  because  of  obstruetion  of 
the  cystic  duct  by  a  calculus,  a  plug  of  tenacious  mucus,  adhesive  cholan- 
gitis,  or  a  carcinomatous  nodule.  In  comparatively  rare  instances  infection 
by  pyogenic  organisms  causes  suppurative  cholecystitis — empyema  of 
the  gall-bladder.  If  the  gall-bladder  be  sufficiently  distended  and  the 
abdominal  \vall  thin,  there  may  be  seen  an  elongated,  smooth  prominence 
in  the  region  of  the  notch  of  the  liver,  projecting  below  the  liver  margin 
and  rising  and  falling  with  the  respiratory  movements.  The  gall-bladder 
may  be  greatlv  distended,  reaching  in  some  instances  the  size  of  the 
fist  or  more.  It  is  then  sometimes  pear-shaped,  the  fundus  being  freely 
movable  from  side  to  side  upon  manipulation  and  change  of  posture. 

In  some  instances  \vhen  the  cholecystitis  is  associated  with  cholelith- 
iasis the  gall-bladder  is  distended  by  an  enormous  accumulation  of  calculi; 
in  others  the  tumor  may  be  due  to  primary  or  secondary  carcinoma  of  the 
gall-bladder. 

Visceral  Eniargements, — The  so-called  corset  liver  may  give  rise  to  a 
visible  prominence  in  the  right  lateral  region,  reaching  as  low  as  the  erest 
of  the  ilium  and  moving  with  respiration.  In  cases  in  which  the  pressure 
constriction  is  marked  the  portion  of  the  liver  below  it  is  movable  and 
may  simulate,  especially  when  a  loop  of  intestine  occupies  the  groove, 
a  displaced  kidney  or  new  growth  in  the  ascending  colon. 
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Enlargement  of  the  licer,  cauping  marked  prominence  in  the  right  hypo- 
chondrium,  in  some  cases  of  the  entire  abdomen,  may  be  due  to  hypertrophic 
cirrhosis,  carcinoma,  amyloid  diaease,  conditions  causing  obstructive  jaun- 
dice,  leuksemia,  syphilis,  hyperffin)ia  due  to  cardiac  diseasc,  and  fatty  liver. 

Enlargement  o/  the  spleen  may  attain  a  considerable  degree  before  it 
gives  rise  to  signs  upon  inspection.     Massive  enlargement  raay  occur  in 
chronic  malaria — ague  cake,  leuksemia  and  pseudoleuksmia.     The  organ 
may  reach  to  the  pelvia  and  even 
to  the  right  of  the  median  line. 

Enlargement  of  Ihe  Kidneys. — 
Renal  tumors  develop  from  behind 
forward,  tending  to  displace  the 
movable  organs  of  the  abdomen, 
especiaUy  the  inteatines,  aside. 

The  anatomical  relations  of  the 
asoending  and  descending  colon  are 
such  that  these  portions  of  the  intes- 
tines,  being  attached  to  the  kidneys 
by  connective  tissue,  are  retained  in 
front  of  the  growing  renal  tumor  and 
tend  to  obscure  its  dulness  upon 
percussion.  The  development  of  the 
tumor  from  the  upper  portion  of  the 
kidney  causes  a  prominence  of  the 
hvpochondrium  on  the  correspond- 
ing  aide,  which  extends  as  the  gro\vth 
develope  to  the  iliac  region;  the 
development  of  the  tumor  from  the 
lower  portion  of  the  kidnev  causes 
prominence  firat  in  the  iliac  region. 
Two  solid  new  growths  of  the  kidney 
only  are  of  clinical  importance  from 
the  stand-point  of  diagnosis,  namely, 
carcinoma  and  sarcoma.  The  for- 
mer  is  more  common  in  advanced 
life,  the  latter  in  childhood;  the  for- 
mer  is  apt  to  cause  early  cachexia,  ^!IJ,ienom^'Si«yleuk?rn"t!^°flVI^ 
while  in  the  latter  the  general  nutri- 

tion  inay  be  maintained;  finally,  sarcomatosis  of  the  skin  in  ronnection 
with  tumor  of  the  kidney  is  highly  suggestive  as  lo  the  naturc  of  the 
renal  affection.  Renal  adenoma  cannot  be  differentiated  from  carcinoma 
during  the  life  of  the  patient.     Much  more  rnre  is  hypernephroma. 

In  the  rare  cases  in  which  bolh  kidneys  are  invoived  the  abdominal 
enlargement  is  of  course  bilateral. 

The  very  rare  primarv  malignant  disease  of  the  suprarenal  capaules 
may  give  riae  to  a  tumor  in  the  hvpochondrium  of  the  corresponding  side, 
which  differs  in  no  respect  from  the  similar  manifcstation  caused  by  a  lumor 
of  the  upper  half  of  the  kidney.  Rena!  tumors  move  only  sligh[ly  or  not 
at  ali  vith  r^piration. 
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Kfilargnntnl  o  j  the  jpancreaa  is  caused  by  chronic  pancreatitis  and  car- 
oliionm.  It  vory  rarely  reaches  such  a  size  as  to  occasion  visible  prominence 
in  tlu*  opiKaHtriuni. 

AhnrniH^  liOral  buIf^ngH  of  the  surface  may  be  caused  by  suppurative 
Inlluninuition  in  iind  arouml  the  abdominal  viscera. 

AlmrHti  of  ihv  /iifVT,— Multiple  ab<»cess  does  not  usually  reveal  itself 
by  rhunKt^H  in  tlio  contour  of  the  surface.  Tropical  abscess  commonIy 
ortUHOH  tlio  livt^r  t«)  onlarpo  upward,  especially  upon  the  right  side.  The 
rt^Npirntt>ry  o\ourHUH  is  diniinishcd  or  absent  and  the  lower  intercostal 
ujmooH  t>l>litorntiHl.    Tliero  is  often  local  oedema. 

Nt<6/»AiYiuV  <ifc«v««  oooasions  marked  downward  displacement  of  the 
Uvrr  \\\\\\  \\  f<nuu>th,  soft  tunmr  in  the  epigastrium.  If,  as  is  commonIy 
t  ho  ouMS  thort^  iH  nir  as  \voll  as  pus  in  the  subphrenic  space,  the  diagnosis  is 
not  AtttMulod  Nvith  ditliruhv. 

.t^vivsi«  f»/  tht  ^\^trn^  \vluMi  of  suflioient  size,  sometimes  reveals  itself 
l\v  M  splonio  (\inu»r«  u|M>n  t  ho  surface  of  w'hich  a  fluctuating  area  or  areas 
n^«y  U^  t»lvHourt^ly  folt  thn>ugh  a  thin-waUed  abdomen. 

Kf^Hii/  ofktiv.'«*  nmv  oa\ist^  a  oircunisoril>ed  tumor  in  the  hvpochondrium 
or  JU«o  ivj^ion  of  t  ho  atToottnl  sido,  with  olvcure  fluctuation,  but  without 
a\loni^*to\is  s\\oUin)ii  of  tho  noighUmng  tissuos. 

r« » »Hf*^^''i/h*  JK^v**.  Tho  s\wlUng  oocupies  the  lumbar  region  and 
thoiv  is  \\\lonij*  of  ovorlving  and  adjaivnt  f\aris.  There  is  frequently 
Uni>^\\u\}^  of  I  ho  pus  in  a  do\\n\\ai\i  dircotion.  $i>  that  a  second  fluctuating 
nuuoi  nw*\  4^^  p^v^MU  at  a  n\on*  doi^Muiont  |XMnu 

l\«\^.^^^  ♦•♦  t  t\t><«»*f«o»T>,<.  Vho  oiMnuHMi  ^tuation  of  ihe  large,  circum- 
!«x^mUsI  uou^^ivvUnMu^^I  alvMVciBi  i^  in  iho  iUao  rvrion  l^tween  the  navel  and 
iho  antouov  >n|vv*ov  >^vino.  Vlh*  alv^v^ss^  n^v  forn^  in  the  retroperitoneal 
^iv^\V  j^n>i  buu>^\\  \vms^;h  tho  ihjio  fa:s\*:A.  ;^>wir.c  itarif  al  Poupart'8 
h^^n^^Mo^  vM  \i  ^^v^^N  ^*sx«n\u\AU^  in  iW  ro:rK^:>m:onrtkI  tiš^sue  in  the  flank, 
t\N\n\o\^  ,^  l'^*,«^^  ^v^^'^no>N)m5u*  aW>V5Ss^  >^r*h  tN^  x:<x:al  vroesiatous  condition 
^M  i\s^  x\oi>^uv.>io\ii^  ^v^^A^' 

I.\n\\v\     V"  ,NS    ,\  v/^\\  tsv-oxv  ov.:<NJN'  fv^v^r  Ar.,:  5h,^w  ii^f  as  a  small 

,\^,*v»^  *-.  ,Ax>N\xx  *,^\  ;*v  *\;^vAx^  ^\N<^o*\  x^^  ,V  :*v;s  r.**iy  :,vi>w  the  sheath 
^v  ,'v  AXN\^x  -u^nV  s  \.i  \\v.--  X^.vx\  IVu-.vfc-r  >  .,cfcT,iirtr.: — ns^>a$  afascess. 
,^  v  ...  .K.  ,  K\\vvx  -.»N  ^-\v*  "'>>«i^  ,,"  ,*:7>c^T:.».*cr.  :r  ihe  ioac  region 
A  A  N'  v, v«  \\  >  »  ;  ;v  ■  'v  v\' .  v. v  Vsr  ,vi5c^:3:cj5  rrsjkv  stmidate 
*,s.v   ,    s^«^     .;x^,v\x'>    \\    '    \\ '  , '^     v^    »-v  »-N*.-   ,x^-j.5i^'cr»jLJ.T  ji^ssvviated. 

,s   \  •  ",    X   v    .v  •   \V    "v  .  ^  ^-  -^  <5.-.iv'»*v.       5^Tfah.^!  :■":  is^  AV:aI  and 

,.;sv.    .X.   .  vv       '•'n       •    \«  'n-nv   ^' ^.  *»  .     "  •     ,\x'T.T,.t;t  '•*i».*Cy  viihout 

^\  i.v-v-    -^        v    *    :%     \'«*»''   *  \    x^»-  v^ "»  .*  V    T«v»i.  i'»n**jL  :vs»  of  the 

v,     ^    ^^»»v*  »      V"    *  **^  jxx  'x      ^*    K  .1  XV«  »       **'xN,-^5<fls    * -n**"*!    4Jr<09'  lisif  to 
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can  in  some  instances  be  made  out,  as  in  drop8y  and  e.mpyema  of  the 
gall-bladder,  echinococcus  and  abscess  of  the  spleen,  or  hydro-  and  pyo- 
nephrosis.  Cysts  springing  from  the  11  ver,  dropsy  of  the  gall-bladder, 
echinococcus  and  pancreatic  cysts  have  their  early  manifestations  in  the 
upper  regions  of  the  abdomen — epigastric  zone — to  the  right  and  left  of 
the  median  line  respectively;  those  springing  from  the  kidney — hydrone- 
phrosis,  echinococcus — first  appear  in  the  lateral  regions,  while  those  from 
the  pelvic  organs,  ovarian  cysts,  hydramnion,  arise  from  the  pelvis — hypo- 
gastrium.  Mesenteric  cysts  are  usually  situated  to  the  right  of  the  umbil- 
icus  and  below  its  level.  Cysts  connected  with  the  liver  and  spleen  are 
influenced  by  the  respiratory  movements;  those  connected  \vith  the  pan- 
creas  only  slightly  or  not  at  ali,  and  those  developing  from  the  kidneys, 
ureters,  and  pelvic  organs  remain  unaffected  by  the  respiratory  movements 
of  the  diaphragm. 

Aneurism, — Aneurism  of  the  abdominal  aorta  may  cause  a  distinct, 
pulsating  tumor  commonly  in  the  epigastrium  but  occasionally  to  the 
left  of  the  median  line  in  front  or  in  the  lumbar  region.  This  tumor  is  almost 
always  immovable,  but  in  rare  instances  has  been  influenced  by  manipula- 
tion  and  change  of  posture,  but  not  by  respiration.  It  presents  the  signs 
of  aneunsm,  and  is  to  be  diflferentiated  from  tumors  overlying  the  aorta 
and  from  the  so-called  "dynamic  pulsation"  of  the  aorta  which  occurs 
in  neurotic  individuals.  The  distended  urinary  bladder  in  urethral  stric- 
ture,  impacted  calculus,  etc,  gives  rise  to  a  distinct  rounded  oval  tumor  of 
the  hypogastrium,  which  reaches  in  extreme  cases  well  up  towards  the 
umbilicus.  To  a  less  extent  the  retention  of  the  low  fevers  and  comatose 
conditions  gives  rise  to  a  similar  prominence.  In  the  latter  čase,  the  incon- 
tinence  of  retention — stillicidium  urintv — prevents  extreme  distention. 
The  anamnesis,  the  oval  outline  of  the  tumor,  its  central  and  symmetrical 
situation,  fluctuation,and  its  immediate  disappearance  upon  catheterization 
render  the  diagnosis  clear. 

Estra-uterine  Pregnancy.  —  There  is  a  history  of  morning  nausea, 
paroxysmal  colicky  pain  with  faintness,  enlargement  and  hardness  of  the 
breasts,  and  chloasma  uterinum,  together  with  the  presence  of  a  prominence 
to  the  right  or  left  of  the  median  line  above  the  brim  of  the  pelvis.  Very 
often  rupture  of  the  sac  takes  plače  before  it  has  attained  sufficient  enlarge- 
ment to  be  recognized  by  the  methods  of  phvsical  diagnosis.  This  accident 
is  attended  by  coUapse  symptoms,  and  upon  vaginal  examination  the  uterus 
is  found  to  be  somewhat  enlarged  and  displaced  downward  and  to  the 
opposite  side. 

Glandular  Enlargements. — Enlargement  of  the  retroperitoneal  glands, 
iisually  sarcomatous — Lobstein's  cancer — may  cause  a  visible  tumor  in 
the  epigastric  or  umbilical  region,  usually  tense,  immovable,  and  nodular; 
sometimes  8lightly  movable  and  obscurely  fluctuating  and  crossed  by 
the  colon,  which  may  be  recognized  upon  palpation  or  by  its  tympanitic 
resonance,  to  secure  which  artificial  inflation  may  be  necessarv.  Tuber- 
culous  mesenteric  glands — tabes  mesenterica — caufie,  especially  in  children, 
marked  protrusion  of  the  abdomen  with  tympany.  The  enlarged  lymphatic 
glands  niay  cause  irregular  local  prominence  in  the  region  of  the  na  vel  or 
in  the  right  iliac  fossa  and  may  be  recognized  upon  palpation. 
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MalignarU  and  Other  New  Grotvtks. — Malignant  diseases  of  abdominal 
organs^earcinoma,  sarcoma — ^are  of  chief,  while  benign  affeetions,  fibronm. 
Upoma.  myxoma,adenoma, and  gumma, are  of  subordinate  interest  fronithe 
stand-point  of  diagnosis.  This  difTerence  is  to  be  ascribed  not  only  to  the 
greater  frequency  of  the  former  and  their  disastrous  effects  upon  the  health 
and  ultimately  upon  the  life  of  the  patient,  but  aiso  to  the  fact  that  at 
some  tirne  in  their  couree  the  diagnosis  becomes  both  practicable  and  ob- 
vious,  while  in  f he  latter  wif h  less  aignificant  symptoms  the  diagnosis  cannot 
be  made  out  and  the  condition  often  remains  unsuspected  during  the  whole 
course  of  the  patienfs  life  and  oniy 
assumes  pathologico-anatamical 
interest  when  the  čase,  death  hav- 
ing  resulted  from  an  entirely  dif- 
ferent  disease,  at  length  oomes  to 
autop3y.  It  is  of  diagnostic  impor- 
tance  that  in  visceral  as  we]l  as  in 
external  cancer,  3econdary  impHca- 
tion  of  adjacent  and  distant  organs 
takea  plače  with  charactenstic  signs 
and  that  ullimately  in  mRny  cases 
the  superficial  lyniphatic  glands 
become  eniarged,  nodules  appear  in 
the  skin  and  elsevvhere — general  car- 
cinotnatosis,  genera)  sarcomatosis. 
Cancer  of  tke  Stomach.— The 
tumor  can  be  seen  in  some  caaes, 
but  is  usually  only  to  be  recognized 
upon  palpation.  It  most  com- 
nionly  oecupies  the  region  of  the 
pylorus  and  may  be  8lightly  raov- 
ablc  with  respirafion  and  freely  so 
upon  manipulation.  A  visible 
tumor  opcupving  the  greater  part  of 
the  epigastrium  and  even  extending 
bevond  ils  borders,  irregular,  nod- 
ular,  well  defined  at  its  margin, 
immovable  and  very  distinci  through  the  emaciated  wall  of  the  I)elly.  is 
sometimes  present  in  advanced  cases  of  carcinoma  extensively  involving 
the  anterlor  wall  of  the  stomach. 

Canctr  of  tke  Lirer. — The  volume  of  the  organ  is  U3Ua1ly  greatly  in- 
creased.  The  increase  is  rapid  and  niay  assume  enormous  dimensions. 
It  may  affect  the  enlirc  liver  or  the  right  or  left  lobe  to  a  preponderating 
extent.  When  the  right  lobe  is  chiefly  involved,  there  is  a  flaring  out  of 
the  lower  ribs  and  costal  cartiiages;  when  the  left,  the  appearance  of  the 
tumor  may  suggest  a  new  growth  involving  the  greater  curvature  of  the 
stomach,  a  cy8t  of  the  pancreas,  or  an  eniarged  spleen,  but  these  doubts  are 
immediately  set  at  rest  by  palpation  and  percussion.  The  surface  ia  usually 
uneven  and  the  border  irregular,  and  these  aigns  n)ay  in  some  cases  be 
clearly  made  out  upon  inspection.    In  the  absence  of  adhesions  the  resi»ra- 
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tory  excursu8  of  the  liver  mav  be  seen,  and  in  one  remarkable  čase  in  my 
service  at  the  Philadelphia  Hospital,  when  upon  autopsy  the  entire  right 
lung  was  found  to  be  solidified  by  secondary  carcinomatous  infiltration, 
the  respiratory  movement  of  the  liver,  plainly  seen  through  the  abdominal 
wall,  was  from  left  to  right  upon  inspiration.  When,  as  is  often  the  čase, 
extensive  adhesions  are  present,  respiratory  movement  of  the  eniarged 
liver  does  not  take  plače  Multilocular  echinococcus  and  gumma  of  the 
liver  present  great  difficulties  in  diagnosis.  Splenic  enlargement  in  the 
former  and  a  history  of  lues  in  the  latter  are  significant.  An  individual 
who  has  syphili8  may  also  be  the  subject  of  echinococcus  disease. 

Cancer  of  the  Gall-bladder, — The  position  of  the  tumor  and  its  respira* 
tory  movement  are  important.  It  is  apt  to  be  mistaken  for  cancer  of  the 
pylonis  or  duodenum.  In  the  latter  affections,  when  the  cancer  is  primary, 
free  hydrochloric  acid  may  be  wanting  in  the  gastric  contents,  8econdary 
dilatation  of  the  stomach  shortly  appears,  and  the  tumor  mavbe  made  out 
to  be  connected  with  the  stomach  or  bowel  by  dilating  the  stomach,  with 
simultaneous  percussion  and  palpation,  while  the  seat  of  the  tumor  in  the 
galUbladder  becomes  at  the  same  time  more  obvious  by  its  shape  and 
relatively  superficial  situation. 

A  tumor  for  med  by  cancer  of  the  head  of  the  pancreas  cannot  often  be 
positively  differentiated  from  cancer  of  the  pylorus,  duodenum,  transverse 
colon,  or  porta  hepatis.  At  best  in  a  majoritv  of  cases  the  diagnosis  must 
be  made  by  exclusion. 

Inspection  of  the  Surface  of  the  Abdomen.  Abnormal  Sis^ns.  — 
Moderate  ascites  and  large  tumors  may  be  present  \vithout  changes  in  the- 
integument;  but  excessive  distention  causes  nutritive  changes  and  the 
skin  loses  its  natural  appearance,  becoming  tense,  glistening,  and  thinned. 
White  lines  or  strise — linece  albicantes — irregularly  parallel  and  sHghtly 
depressed  below  the  adjacent  surface  are  produced  by  extreme  or  prolonged 
distention,  as  in  pregnancy,  obesity,  and  ascites.  They  are  seen  upon  the 
abdomen,  flanks,  and  thighs,  and  persist  after  the  condition  which  caused 
them  has  passed  away.  Jaundice  is  often  more  conspicuous  h^re  than  on 
Burfaces  exposed  to  the  air.  Striking  deposits  of  pigment  occur  in  the 
linea  alba  in  pregnancy,  especially  in  brunettes,  and  pigmentation  due  to 
abdominal  growths  and  diseases  of  the  peritoneum,  Addison^s  disease, 
melanotic  cancer,  exophthalmic  goitre,  scleroderma,  arteriosclerosis,  and 
chronic  heart  disease  is  often  conspicuous  upon  the  abdomen,  especially 
in  the  lower  quadrants  and  about  the  flexures  of  the  thighs.  The  pigmen- 
tation of  vagabondage  due  to  lice  and  filth  is  usually  characterized  by  t^ie 
parallel  linear  superficial  lesions  of  scratching.  The  ha^mochromatosis  of 
hypertrophic  cirrhosis  and  diabetes  and  in  rare  instances  scleroderma  are 
attended  by  conspicuous  pigmentation.  The  prolonged  administration 
of  arsenic  frequently  causes  marked  discoloration  of  the  skin.  The  general 
discoloration  of  argyria  is  less  pronounced  upon  the  surface  of  the  trunk 
than  upon  the  face  and  extremities.  The  specific  eruptions  of  the  exan- 
themata,  e8pecially  the  initial  rashes  of  variola,  and  the  rose  spots  of  enteric 
fever  are  to  be  sought  for  upon  the  abdomen.  Tache  bleu&tres,  tinea 
versicolor,  and  the  Bymmetrical  diflfuse  macular  eruption  of  8econdary 
•jrphilis  are  to  be  seen.    The  scars  of  surgical  operations,  e8pecially  those 
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performed  for  the  relief  of  appendicitis,  gastric  and  gall-bladder  disease, 
and  various  diseases  of  the  pelvic  organe  are  common  nowadays  and  may 
shed  light  upon  manj-  abdominal  disorders — adheeions  and  the  like — post- 
operative  neurasthenia  and  other  obscure  maladies.  Enlarged  inguinal 
glands  and  retracted  cicatrJces 
in  the  groins  may  be  signiticant 
of  venereal  infection. 

Vascular  Ctnagea. — Signs  relat- 
ing  to  circulatory  derangements  are 
enlarged  superficial  epigastric 
arieries  and  enlarged  superficial 
vcins.  The  former  are  exceed- 
ingly  rare  and  indicafe  obstruction 
of  the  aorta  or  iliac  arteries;  the 
latter  very  common  and  c-onstitute 
the  evidence  of  collateral  venous 
circuhition  in  obstruction  of  the 
portal  system  or  tlie  inferior  or 
superior  vena  cava.  Among  the 
comnjon  causes  of  such  obstruction 
are,  in  the  portal  circulation,  cir- 
rhosia  of  the  Uver  and  tumor;  in 
the  general  circulation,  abdominal 
and  mediastinal  tumor,  dilatation 
of  the  sfomach  of  high  grade,  and 
ascitetj  of  long  standing. 

Caput  meduss  in  a  varicose 
arrangement  of  the  dernial  veins 
around  the  umbilicus  ttith  radiat- 
ing  branches.  It  is  made  up  by  the 
dilated  branches  of  the  epigastric 
veins  at  their  juncture  nith  a  large 
single  vein  which  passes  from  the 
hilum  of  the  liver  and  fol]owa  the 
course  of  the  round  ligament — 
puni-unibilical  vein  of  Kappey. 
Mui'h  HKire  (■ommoiily  the  enlarged 
c{illateriil  veins  are  distributed 
irregularly  over  the  eurface  of  the 
nlKlnmen  and  indicate  one  of  the 
*'"**' ■^™.T.c'iraw"h'in*'oSi!*-^o"n"'"'"'"^  pourses  toKards  the  right  heart 
taken  by  the  blood  in  pressure 
upon  the  inferior  vena  cava.  There  is  engorgement  of  the  blood  from 
the  loner  extremilie8  in  the  inferior  epigastric  and  internal  mammary 
veins,  with  dilatation  of  the  superfifial  abdominal  veins.  In  obstruc- 
tion of  the  portal  syatem  and  inferior  vena  cava  the  course  of  the 
blood  in  the  dilated  superficial  veins  is  upward;  when  the  superior  cava 
is  obstructed  the  course  of  the  blood  in  the  superficial  veins  of  the  chest 
and  abdomen  ia  downward,  the  blood  seeking  its  way  to  the  right  heart 
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by  means  of  the  right  azygos  which  communicates  with  various  tributaries 
of  the  inferior  vena  cava.  Pressure  upon  the  innominate  vein  of  the  right 
or  left  side  may  give  rise  among  other  signs  to  great  dilatation  of  the 
superficial  veins  of  the  thorax  and  abdominal  wall. 

The  Umbilicus.  —  The  na  vel  normally  shows  transverse  or  slightly 
spiral  folds  of  the  skin  and  is  moderately  retracted.  It  is  deeply  so  and 
funnel-shaped  in  obese  persons  and  level  with  the  surrounding  surface  or 
protniding  in  large  ascites  and  pregnancy.  It  may  be  the  seat  of  caput 
mednsse  or  hernia,  inflammation  or  eczema,  carcinoma  secondary  to  gastric 
carcinoma  or  tuberculous  infiltration  secondary  to  tuberculous  peritonitis. 
A  mole  in  the  region  of  the  umbilicus  may  undergo  sarcomatous  changes. 

Movements  of  the  Abdomen  in  Disease.  —  Inspiratory  retraction 
of  the  epigastrium  is  present  in  stenosis  of  the  upper  air-passages  and 
imperfect  action  of  the  diaphragm.  Diminished  respiratory  movement 
of  the  abdomen  may  be  caused  by  upward  pressure  upon  the  diaphragm, 
as  in  tympany,  ascites,  and  abdominal  tumors  on  the  one  hand,  or  by  mas- 
sive  pleural  or  pericardial  effusions  on  the  other.  In  the  early  stages  of 
peritonitis  abdominal  respiratory  movement  is  greatly  impaired  or  wholly 
abeent,  on  account  of  the  pain  and  tonic  contraction  of  the  museles  of  the 
wall;  in  the  later  stages  on  account  of  the  tympany  and  upward  pressure 
upon  the  diaphragm. 

VUlMe  Peristalsis. — In  thin  persons  the  normal  peristaltic  movements 
may  sometimes  be  seeA.  They  appear  as  wave-like,  rounded  elevations  of 
the  surface  which  may  be  attended  by  borborygmi  and  may  be  intensified 
by  gentle  irritation  of  the  skin  by  the  application  of  cold,  brisk  tapping  or 
faradism.  In  some  instances  the  peristaltic  movements  of  the  stomach 
from  left  to  right  are  in  sharp  contrast  to  those  of  the  transverse  colon  from 
right  to  left.  In  the  wide  separation  of  the  recti  occasionally  seen  in  women 
who  have  borne  many  children  these  vermicular  movements  are  very 
eonspicuous. 

The  most  important  diagnostic  significance  of  visible  peristalsis  relates 
to  intestinal  obstruction.  The  presence  of  peristalsis  must  be  determined 
and  whether  or  not  it  is  always  in  the  same.direction  and  ceases  at  a  certain 
spot.  If  the  obstruction  is  at  or  above  the  ileocaecal  valve  the  distended 
and  mobile  coils  of  small  intestine  occupy  a  position  in  the  central  portion 
of  the  abdomen,  but  if  the  obstruction  involves  the  lower  part  of  the  large 
intestine — sigmoid  flexure — the  distention  and  movements  of  the  bowel 
may  be  manifest  in  the  region  occupied  by  the  ascending  and  transverse 
colon.  The  inflated  fixed  intestinal  coil  of  acute  stenosis  of  the  gut,  ileus — 
strangulated  hernia — shows  no  peristaltic  movement.  Prior  to  immobility 
there  is  peristalsis.  In  chronic  obstruction,  after  the  muscularis  of  the 
gut  has  become  hypertrophied,  there  is  active  peristalsis,  with  marked 
recurrent  tumor  subsiding  with  coarse  borborygmi,  just  in  advance  of  the 
stenosis.  As  the  gas  in  the  tumor  is  under  tension,  it  does  not  )rield  tym- 
panitic  resonance  but  dulness  tipon  percussion.  Visible  peristalsis  in  the 
left  h3rpochondrium,  with  the  vermicular  contractions  from  left  to  right. 
has  been  observed  in  extreme  gastrectasis. 

Pliltfttiaa  Syiidironoii8  wfth  the  Cardlac  Sy8tole. — Dynamic  pulsation 
oeeum  in  neurotic  persons.    It  is  seen  in  the  median  line  and  is  often  violent 
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but  neither  difEuse  nor  expansile.  The  pulaation  of  abdominal  aneurism 
usual1y  has  both  these  charactere  atid  very  often  in  addition  3y8tolie 
thrill  and  bruit.  It  is  mo8tly  situated  in  the  median  line,  but  may 
be  seen  in  the  left  lateral  region 
of  the  abdomen. 

An  Aid  to  Inspectlon  In  Clr« 
cumscrlbed  Movemeats  not  WeU 
Deflned. — I  have  found  the  fol- 
lowing  suggestion  of  K.  H.  Beall 
of  much  service: 

"Over  the  area  under  inspec- 
tion  there  is  drawn  with  a  akin 
pencil  a  square  plaid  figure,  the 
square8  of  which  are  from  1.5  to 
2.5  cm,  in  diameter  and  from  12 
to  50  in  number,  according  to  the 
aize  of  the  area  being  studied. 
Any  slight  movement  of  the  skin 
at  any  point  in  such  a  marked  area 
causes  a  chaiige  in  the  direction  of 
some  of  the  lines  and  a  distortion 
of  the  figure,  and  so  renders  viaible  movements  of  the  internal  organa 
whicb  are  not  to  be  detected  otherwise. " 


Fia.  47. — Be»ll'a  lid  to  inipcetiin 


PALPATION. 

The  method  of  physical  diagnosia  in  whicli  the  sense  of  touch  is  em- 
ployed  is  known  as  palpation.  It  consista  in  the  systematic  examination 
of  the  eurface  of  the  chest  and  abdomen  by  the  laying  on  of  the  hand. 
The  physical  signs  elicited  depend  upon  the  condition  and  movements  of 
the  parta  and  the  underlying  structures.  As  in  inspection,  we  study  the 
form,  size,  condition  of  the  surface,  and  movements.  The  method  is  appli- 
cable  and  esaential  to  the  examination  of  the  thorax  and  abdomen. 


Palpation  in  the  Exaniination  of  the  Thorax. 

The  chest  should  be  bared,  the  attitude  easy,  the  arms  8ymmetrically 
diaposed,  the  musclea  relaxed.  The  examining  hand  should  be  warm  and 
laid  gently  upon  the  surface.  The  amount  of  presaure  employed  must  be 
determined  in  individual  casea.  Ticklishness,  tenderness,  and  exce8Bive 
fat  conatitute  obstacles.  The  first  may  be  overcome  by  čare  and  diverting 
the  attention  of  the  patient;  the  othera  often  amount  to  insuperable  diffi- 
culties  in  the  appHcation  of  this  method  of  diagnosia.  Tiie  palmar  surface 
of  the  whole  hand  is  emploved  for  a  general  8urvey,  as  in  locating  the  posi- 
tion  of  the  cardiac  impulse  or  a  thrill ;  the  more  aensitive  finger  tipa  for  the 
8tudy  of  the  particular  charactera  of  auch  phenomena,  for  example  the  forc« 
and  extent  of  the  impulae  or  the  coarseneas  qr  fineneas  and  extent  of  a  thrill. 

By  palpation  ve  confirm  and  amplify  the  aigns  obtained  by  inspec- 
tion, eBpecially  tbose  dependent  upon  the  form  and  contour  of  the  cbest. 
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the  width  of  the  interspaces,  the  pregence  of  local  swellings  and  deformi- 
ties,  and  the  respiratory  and  cardiac  movements.  These  it  is  not  necessary 
at  this  point  to  repeat.  But  there  are  other  physical  signs,  not  always 
recognizable  upon  inspection,  which  we  investigate  by  palpation.  These 
comprise  the  condition  of  the  wall  of  the  chest  as  regards 

Muscular  Tension, 

OSdema, 

Width  of  the  Interspaces, 

Fluetuation, 

Nodes,  Gummata,  and  Periosteal  Thickenvng, 

Loeation  and  Character  of  the  Hearfs  Impulse. 

Extracardial    Pulsation  and  Diastolic  Shock,  and  in    particular  the 

following  physical  signs  which  are  exclusively  within  the  scope 

of  this  met  hod: 
The  Crepitation  of  Subcutaneons  Emphysema, 
Thrills,  Cardiac  and  Vascular, 
Fremitus,  Vocal,  Friction,  and  Rhonchal, 
Tracheal  Tugging. 

Tension. — The  tension  of  the  muscular  wall  of  the  chest  in  the  inter- 
costal  spaces  and  about  the  ensiform  cartilage  is  not  a  sign  of  great  value, 
yet  it  is  to  be  studied  in  doubtful  cases.  The  inspiratory  retraction  of  the 
base  of  the  chest  is  a  sign  of  obstruction  to  the  entrance  of  air,  which  may 
be  at  the  larynx,  as  in  cedema  of  the  glottis,  or  in  the  smallest  bronchial 
tubes,  as  in  bronchopneumonia.  The  slight  normal  furrow  of  the  lower 
intercostal  spaces  may  be  obliterated  by  pleural  or  pericardial  effusion  or 
a  rapidly  growing  new  growth.  In  old  empyemata  there  is  great  relaxa- 
tion  and  bulging  and  the  cardiac  pulsations  may  even  be  transmitted  to 
the  surface — pulsating  empyema.  Epigastric  rigiditv  and  tenderness  are 
conspicuous  in  tetanus,  and  these  phenomena  are  early  symptoms  in 
peritonitis  beginning  in  the  upper  part  of  the  abdomen. 

CEdema. — Local  cedema  may  indicate  intrathoracic  suppuration  as 
in  empyema  or  hepatic  abscess,  inflammation  of  the  wall  of  the  chest  as 
in  carbuncle,  or  obstruction  to  the  venous  circulation  as  in  mediastinal 
tumor  or  aneurism.  The  puffiness  involves  the  head  and  neck  on  both 
sides  when  the  pressure  involves  the  precava  and  is  unilateral  when  it 
afifects  the  right  or  left  innominate  only. 

Spaces. — The  width  of  the  intercostal  spaces  may  be  felt  when  not 
acen  upon  inspection,  and  should  be  carefully  investigated  in  cases  of  pleu- 
ral eflfusion,  since  they  are  wide  when  the  chest  is  distended  and  become 
narrow  as  the  fluid  undergoes  resorption. 

Fluetuation. — Elasticity  or  fluetuation  in  anv  prominence  or  tumor 
upon  the  surface  of  the  chest  is  an  impoi^ant  sign.  It  may  be  due  to  abscess 
of  the  wall  itself,  empyema  necessitatis,  cy8t  formation,  or  sarcoma.  The 
differential  diagnosis  rests  upon  the  associated  clinical  phenomena.  In 
abscess  of  the  wall  the  volume  of  the  tumor  is  not  affected  by  the  respira- 
tory  movements;  in  empyema  necessitatis  the  tumor  diminishes  upon 
inspiration  and  increases  with  expiration  and  the  phy8ical  signs  of  intra- 


92  MEDICAL  DIAGNOSIS. 

pleural  efTusion  are  present;  a  cyst  is  usually  sharply  circumscribed, 
distinctly  globular,  tense,  sometimes  translucent,  and  commonly  movable 
within  a  limited  range. 

Nodes. — Nodes  upon  the  ribs,  cartilages,  or  sternum  or  thickening 
at  the  chondrocostal  or  sternoclavicular  articulations  and  periosteal  thick- 
ening are  important  signs  of  disease.  They  mav  sometimes  be  felt  when 
not  obvious  upon  inspection,  and  their  size  and  consistence  ean  be  recog- 
nizcd  u|X)n  palpation. .  Among  the  earliest  of  the  skeletal  lesions  of  rickets 
is  a  noduhir  enlargement  of  the  ribs  at  the  juncture  of  the  bone  with  the 
cartihige.  Theso  nodules  are  present  upon  the  ribs  of  both  sides  and  are 
svmmetrical  in  their  arran^ement — the  so-ealled  rosary  of  rickets.  Gum- 
mata  are  common  uix)n  the  sternum  and  roughening  and  enlargement  of 
the  chivicles  may  be  a  manifestation  of  late  svphilis.  The  cla\'icles  are 
enlarged  and  the  sternum  deformed  in  acromegalv.  Acute  painful  enlarge- 
ment of  the  sternoclavicular  articulation  is  not  rare  in  gonorrhoeal  arthri- 
tis.  A  soft,  elastic,  slightlv  fluctuating  tumor  upon  the  upper  part  of  the 
sternum  mav  l)e  a  tuberculous  abscess.  Tender  points  are  found  upon 
|>iilpation.  Thev  are  not  phvsical  signs.  but  mav  be  mentioned  in  this 
connection  as  svmptoms  of  great  value.  Thev  are  found  in  intercostal 
neuralgia  and  corrospond  to  the  points  of  emergence  of  the  intercostal 
nerves:  in  ncurasthenia  tender  points  are  also  found  along  the  dorsal  spine 
and  the  tenderness  is  vorv  often  present  upon  light  and  absent  upon  firm 
prossuro;  in  nocrosis  of  a  rib;  in  fibrinous  pleurisv  and  especially  in 
that  form  of  pleurisv  \vhich  occurs  in  pulmonarv  tuberculosis,  where  the 
tenderness  is  most  conunon  and  most  marked  in  the  infraclavieular  region. 

Apex-beat.  The  precise  location  and  character  of  the  impulse  of 
the  heart,  The  palm  of  the  hand  should  be  first  laid  over  the  precordia 
Ih^1o\v  the  left  nipple.  The  signs  elicited  by  inspection  are  thus  confirmed 
and  aniplified.  \Ve  determine  Nvhether  the  rhvthm  of  the  heart  is  regular 
or  irrt^gular  aml.  if  irrogular,  Nvhether  the  arrh\thmia  is  in  time  or  in  force 
or  In^th,  that  is.  Nvhether  there  aro  diflfereni*es  in  the  intervals  between 
the  ventricular  contractions,  or  in  the  ix>wer  \\ith  which  the  heart  con- 
tracts  or  theso  an^  combintnl.  We  ol^serve  also  in  this  way  the  general 
chnractor  of  t  ho  hoart*s  aciion.  that  is,  feeble  or  strong;  heaving  power- 
fullv  so  as  to  nu>vo  t  ho  Nvholo  chest.  as  in  great  hypertrophy  or  the  over- 
act'u»n  of  nuMUal  or  phvsical  oxcitement — palpitation;  that  it  has  the 
ditTuso  slap  ofion  om^nuiioriHl  in  dilatationof  ihe  right  ventricle.  the  sharp 
tap  of  nutral  stonosis  or  tho  slow.  heaving.  forcible  impulse  sometimes 
nnM   \\itl\  in  aoriic  sionosii«. 

Tho  uu»rt^  sonsitivo  ti|vs  of  tho  tingers  are  next  brought  into  service. 
Thov  art*  plaanl  o\or  tho  |H>int  of  nui\inmm  impulse  and  moved  in  vari- 
ous  dirtvtitM\s.  Tho  a|v\  of  tho  hoart  a^  doiermined  by  fin^r-tip  palpa- 
tion and  by  |HTou?vsiou  is  usuallv  t\vo  or  throo  centimetres  below  and  to 
fho  loft  of  tho  |HMni  \^f  n\a\inuun  *«r  visiblo  impulse.  h  frequentlT  happens 
fhat  tho  itnp\dM^  lu^i  rtH\^ji!:nimHl  u|hmi  ins|Hvnon  mav  be  fdt  and  rarely 
that  a  \isiblo  impulst^  oannot  Iv  approinafo\i  by  ihe  trauned  louch.  These 
two  uH^thod*  nmst  U*  uso^l  in  ali  oas<^ 

lns(>o\Mion  and  |>al|vifiou  vMd  ihfc  iihvs^  satisfartovr  Ksulto  in  the 
atudv  of  tho  »i«o  of  tho  hoiirt.    Tho  Imij«  uf  iho  <Nrfan  b  fijoad  and  is  as  a 
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rule  not  greatly  displaced  even  by  the  pressure  of  an  aneurism  or  new 
growth.  To  fix  the  position  of  the  apex  is  to  determine  the  long  axis  of 
the  heart  and  gain  a  fairly  correct  idea  of  its  size.  The  data  obtained  by 
percussion  are  much  less  definite,  partly  because  of  inherent  difficulties 
in  reeognizing  the  limits  of  dulness  in  the  rounded  body  of  the  heart  sur- 
rounded  by  resonant  lung  and  partly  because  of  the  modifving  effects  of 
pleural  adhesions  or  effusion,  gastric  dilatation  or  abdominal  tympany. 
When  the  impulse  cannot  be  located  by  inspection  or  palpation,  we  employ 
auscultation  and  consider  the  clinical  impulse  to  be  near  the  point  at  which 
the  first  sound  is  most  distinctlv  heard. 

The  changes  in  the  relation  of  the  apex  to  the  wall  of  the  chest  eaused 
by  changes  in  the  posture  of  the  patient  have  already  been  considered. 

Extnicardiac  Pulsation.  —  Pulsation  beyond  the  limits  of  the 
heart  is  frequently  seen,  but  its  precise  location,  extent,  and  character 
are  best  studied  by  the  sense  of  touch.  A  heaving  impulse  at  the  root 
of  the  neck  occurs  in  hypertrophy,  especially  that  form  associated  with 
aortic  insufficiency  and  ia  overaction  from  nervous  causes.  It  occurs 
also  in  ansemia  and  large  hemorrhages,  in  apoplexy,  and  rarely  in  the 
stage  of  onset  of  intense  infections,  as  variola.  It  is  a  conspicuous  phenom- 
enon  in  exophthalmic  goitre.  In  neurotic  persons  the  pulsating  dilated 
transverse-  aorta  may  in  rare  instances  be  felt  in  the  sternal  notch — 
dynamic  pulsation.  Aneurism  of  the  innominate  arterv  or  of  the  trans- 
verse portion  of  the  aortic  arch  may  give  rise  to  similar  pulsation.  Anom- 
alies  in  the  distribution  of  the  subclavian  or  thyroid  arteries  may  also  give 
rise  to  pulsation  in  this  region.  In  old  pleural  adhesions  at  the  apex  and 
in  pulmonary  tul)erculosis  subclavian  pulsation  is  often  marked  and 
extended.  Pulsation  commonly  to  the  right  of  the  manubrium,  some- 
times  to  the  left  of  it,  occurs  in  aneurism  of  the  thoracic  aorta  and  may 
often  be  felt  when  it  is  not  seen.  The  force  and  extent  of  the  impulse  in 
pulsating  empyema  are  best  estimated  by  palpation. 

Epigastiic  Pulsation.  —  This  phenomenon  is  generally  regarded  as 
the  sign  of  hypertrophy  of  the  right  ventricle  and  this  view  is  unquestion- 
ably  in  some  cases  correct.  The  hypertrophied  and  overacting  right 
heart  communicates  its  movements  to  the  tissues  at  the  tip  of  and  below 
the  ensiform  cartilage.  The  retraction  corresponds  to  time  with  the  ven- 
tricular  systole  and  is  due  to  the  negative  pressure  eaused  by  the  altera- 
tion  in  size  and  diminution  in  the  volume  of  the  vefntricles  at  this  moment 
of  the  heart's  revolution.  Epigastric  pulsation  has  been  observed  in  cases 
in  which  no  hypertrophy  of  the  right  ventricle  has  l^een  found  post  mor- 
tem.  Liver  pulsation  is  much  more  frequently  palpable  than  visible,  and 
the  distinction  between  this  condition  and  a  liver  jogged  by  an  overacting 
heart  may  often  be  made  by  bimanual  palpation,  since  a  pulsating  liver 
expands  and  contracts,  a  jogged  liver  merely  moves.  Bimanual  palpation, 
one  hand  upon  the  upper  dorsal  spine  and  the  other  upon  the  manubrium, 
niay  detect  the  expansile  pulsation  of  a  deep-seated  aortic  aneurism  which 
presents  no  external  signs.  Diastolic  shock  is  an  important  physical  sign 
of  aneurismt  The  tips  of  the  fingers  upon  the  sac  in  čase  erosion  of  the 
chest  wall  has  taken  plače,  or  upon  the  surface  directly  overlying  the  sae, 
may  often  detect  a  diastolic  shock,  sometimes  of  considerable  force. 
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Crepitation. — In  wounds  and  operations  upon  the  neck  and  chest 
air  may  find  its  way  into  the  subcutaneous  tissues  and  give  rise  to  crepi- 
tation upon  palpation.  In  rare  cases  this  condition  may  result  from  the 
rupture  of  dilated  peripheral  pulmonary  vesicles  in  emphy8enia. 

Succusslon. — When  both  fluid  and  air  are  present  in  a  large  space  with 
rigid  walls,  as  in  pneumohydrothorax  or  pneumopyothorax,  a  distinet  vibra- 
tion  or  impulse  may  be  felt  upon  shaking  the  patient  or  eausing  him  to 
suddenly  twist  his  body.  This  phenomenon,  which  is  accompanied  by  a 
splashing  sound,  constitutes  the  sign  known  as  Hippocratic  succussion. 

The  arterial  pulse  is  studied  by  palpation.  This  subject  will  be  fully 
considered  in  a  later  section. 

Thrills. — The  palpable  vibrations  of  the  surface  transmitted  from 
the  interior  of  the  heart  or  arteries  are  known  as  thrills.  They  are  usually 
confined  to  limited  areas  and  niay  be  easily  overlooked  unless  the  surface 
is  first  searched  with  the  palmar  surface  of  the  open  hand.  They  may 
then  be  studied  with  the  finger-tips.  They  can  frequently  be  felt  only 
upon  the  lightest  pressure,  \vholly  disappearing  if  the  pressure  be  increased. 
The  sensation  has  been  compared  to  that  communicated  to  the  hand  by 
the  purring  cat — jrčmissement  cataire.  Thrills  are  usually  felt  during  a 
portion  of  the  cardiac  revolution  only — presystolic,  systolic,  post-sj^stolic. 
They  may  disappear  when  the  heart  is  acting  feebly  and  become  manifest 
again  \vhen,  with  general  improvement  in  the  condition  of  the  patient, 
the  heart  contracts  with  greater  povver.  They  usually  correspond  in  the 
tirne  of  the  cardiac  cycle  with  audible  murmurs  or  bruits  and  are  signifi- 
cant  of  the  same  lesions  and  produced  by  the  same  mechanism,  namely, 
fluid  veins,  the  vibrations  of  which  transmitted  through  tissues  to  the  sur- 
face are  reaHzed  by  the  car  as  murmurs,  by  the  touch  as  thrills.  In  other 
words  the  thrill  is  the  sensory  equivalent  of  the  murmur.  The  fact  that 
very  coarse  thrills,  es|)ecially  the  presystolic  thrill,  sometimes  occur  when  no 
murmur  can  be  heard,  does  not  militate  against  the  foregoing  statement, 
since  regular  vibrations  may  be  palpable  though  not  frequent  enough 
to  produce  sound.  It  is  in  accordance  with  these  statements  that  thrills 
vary  in  the  rapiditv  of  their  vibrations — fineness,  coarseness — and  that 
the  finer  thrills  correspond  to  the  higher  pitched  murmurs  and  the  reverse. 

A  thrill  at  the  base  of  the  heart  of  maximum  intensity  in  the  aortic 
area  is  common  in  aortic  stenosis. 

A  thrill  of  coarse  quality,  limited  in  extent,  presystolic  in  time,  more 
marked  during  expiration,  and  most  distinctly  felt  in  the  fourth  or  fifth 
intercostal  space  inside  the  midclavicular  line — mitral  area — is  the  sign 
of  mitral  stenosis. 

A  systolic  thrill  in  the  same  area  is  sometimes  present  in  mitral 
incompetence  and  in  rare  instances  in  aortic  stenosis. 

A  thrill  often  accompanies  the  presvstolic  murmur  of  aortic  incompe- 
tency — Flinfs  murmur. 

A  thrill  diastolic  in  time  is  occasionally  felt  in  aortic  incompetencv, 
but  is  not  very  common. 

Thrills  are  common  in  congenital  defects  of  the  heart.  t 

A  thrill  8y8tolic  in  time  at  the  second  left  costal  cartilage  and  inter- 
space — pulmonary  area — is  occa8ionally  observed  in  exophthalimc  goitre; 
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very  rarely  it  is  a  sign  of  pulmonary  stenosis.  A  diastolic  thrill  in  this 
area  may  be  the  sign  of  a  rare  condition,  pulmonarv  incompetency. 

A  thrill  over  the  lower  portion  of  the  sternum  and  at  its  right  border — 
trieuspid  area — sometimes  occurs  in  dilatation  of  the  right  ventricle  and 
triciispid  incompetence. 

Systolic  thrills  when  beyond  the  limits  of  the  precordial  space  are 
more  likely  to  be  indicative  of  thoracic  aneurism  than  of  valvular  disease. 
They  are  oftenest  felt  to  the  right  of  the  sternal  border  and  above  the 
fourth  rib,  but  may  be  present  in  the  left  side  in  a  corresponding  region. 
They  are  more  common  in  aortic  dilatation  than  in  sacculated  aneurism. 

It  is  important  to  recognize  the  difference  between  a  thrill  and  the 
dight  shuddering  tremor  which  may  be  felt  in  the  merely  overacting 
heart,  as  in  palpitation  from  any  cause. 

Fremitus. — Fremere,  to  roar  or  murmur  as  a  crowd  or  mob;  teohni- 
eally,  palpable  vibration.  The  difference  between  a  thrill  and  fremitus 
is  much  more  readily  recognized  than  described.  It  is,  however,  an  essen- 
tial  difference  and  depends  upon  the  difference  in  the  mechanism  by  which 
they  are  respectively  produced.  Fremitus  is  usually  much  coarser  than 
thrills,  the  vibrations  are  irregular  and  variable,  the  extent  is  far  \vider, 
and  fremitus,  even  when  produced  by  the  movement  of  the  heart  as  in  the 
friction  fremitus  of  pericarditis,  does  not  constantlv  conform  to  definite 
movements  in  the  cardiac  cycle.  Fremitus  is  a  tactile  phenomenon  com- 
municated  to  the  surface  of  the  chest  by  the  act  of  phonation — vocal 
fremitus;  by  the  friction  of  roughened  surfaces  against  each  other — fric- 
tion fremitus;  or  by  the  respiratory  movement  of  exudates  of  varying 
eonsistency  within  the  bronchial  tubes — rhonchiil  fremitus. 

Vocal  Fremitus. — This  phvsical  sign  is  of  great  value  in  the  diagnosis 
of  diseases  of  the  respiratory  organs.  It  is  frequently  spoken  of  as  tactile 
fremitus,  but  erroneously  so,  since  ali  fremitus  is  tactile.  The  hand  is  laid 
upon  the  bared  chest  while  the  patient  counts  "one,  t\vo,  three,''  or  repeats 
some  words,  as  '*twenty-one"  or  '*ninety-nine."  Under  normal  circum- 
stances  the  fremitus  is  more  intense  in  men  than  in  women,  in  adults  than 
in  ehildren,  and  in  persons  whose  voices  are  powerful  and  lo\v-pitched  than 
in  those  whose  voices  are  feeble  and  shrill.  The  patient  should  be  asked 
to  repeat  the  same  phrase  as  the  examining  hand  passes  from  one  part 
of  his  chest  to  another,  and  to  let  his  speaking  be  loud,  lo\v,and  slow,  always 
as  nearly  as  possible  in  the  same  tone.  This  method  of  phvsical  diagnosis 
is  without  value  in  persons  suffering  from  aphonia  or  in  those  so  feeble 
that  they  can  only  use  the  whispering  voice.  It  is  practicable  in  voung 
infants  who  cry  during  the  examination. 

Vocal  Fremitus  in  Health.  —  The  vibrations  of  the  vocal  cords 
in  phonation  are  transmitted  along  the  \valLs  of  the  trachea  and  bronchi 
and  the  column  of  air  which  they  contain  to  the  surface  of  the  chest,  which 
18  thus  set  into  \'ibration  from  within.  These  vibrations  vary  in  different 
regions  normally,  and  are  most  distinct  where  the  large  bronchial  tubes 
approach  the  chest  wall,  less  distinct  where  the  mass  of  intervening  vesicu- 
lar  tissue  is  greatest,  and  feeble  or  absent  where  the  lung  tiesue  does  not 
come  into  contact  with  the  wall,  as  in  the  precordial  space.  Pathological 
conditions  which  inerease  the  capacity  of  the  lung  to  conduct  vibrations. 


96  MEDICAL  DIAGNOSIS. 

as  consolidation,  intensify  the  vocal  fremitus;  those  which  separate  the 
lung  from  the  wall,  as  pleural  effusions,  diminish  or  abolish  it,  as  the  čase 
may  be.  There  is  norinally  considerable  difference  in  the  intensity  of  the 
vocal  fremitus  in  the  two  sides,  especially  in  the  upper  regions.  This 
inequality  is  to  be  constantly  borne  in  mind.  The  vibrations  are  more 
intense  on  the  right  than  on  the  left  side,  in  the  upper  (subclavicular) 
region  than  in  the  lower  (inframammary),  and  in  front  than  behind.  It  is 
feeble  over  the  scapulae,  and  usually  absent  or  very  feeble  in  that  portion 
of  the  precordial  space  which  eorresponds  to  the  area  of  superficial  cardiac 
dulness.  A  thick  layer  of  subcutaneous  fat  impairs  the  value  of  this  phy8i- 
cal  sign,  while  a  thin,  elastic  chest  wall  and  deep  voiee  render  it  verv  useful. 

Vocal  Fremitus  in  Disease  op  the  Respiratorv  Organs. — The 
vibrations  are  intensified  by  conditions  which  cause  consolidation  of  the 
lung,  as  tuberculous  infiltration,  croupous  and  bronchopneumonia,  hypo- 
static  congestion  and  atelectasis;  they  are  enfeebled  or  absent  altogether 
in  pathological  conditions  which  separate  the  periphery  of  the  lung  from 
contact  with  the  chest  wall,  such  as  pleural  effusion,  pneumothorax,  and 
cysts  or  tumors  in  the  pleural  cavity.  Pleural  thickening  isusuallyattended 
with  enfeeblement  of  the  vocal  fremitus  proportionate  to  its  degree,  and, 
as  a  much  thickened  pleura  gives  rise  to  impairment  of  resonance,  the 
differential  diagnosis  between  a  moderate  effusion  and  pleural  thickening 
may  be  attended  with  difficulty. 

Temporary  disappearance  of  vocal  fremitus  in  pneumonia  in  an  area 
corresponding  to  a  lobe  or  part  of  a  lobe  may  be  caused  by  the  plugging 
of  a  large  bronchus  with  a  mass  of  tenacious  mucus.  In  the  same  manner 
a  foreign  body  may  cause  localized  absence  of  this  sign.  In  infants  and 
less  frequently  in  adults  distinct  vocal  fremitus  is  occasionally  encountered 
upon  the  affected  side  in  large  effusions — a  very  puzzling  phenomenon. 
The  most  probable  explanation  of  this  anomaly  in  children  is  that  the 
intense  fremitus  caused  by  violent  crying  is  transmitted  along  the  elastic 
chest  walls  from  the  sound  to  the  affected  side  of  the  chest;  in  adults,  that 
tensely  stretched  strands  or  bands,  the  result  of  partial  adhesions  caused 
by  a  former  attack  of  fibrinous  pleurisy,  conduct  the  vibrations  from  the 
compressed  lung  to  the  wall  of  the  chest.  In  a  moderate  eflfusion  under 
favorable  circumstances  the  following  variations  may  be  recognized: 
normal  vocal  fremitus  over  the  apex,  enfeebled  fremitus  in  the  mammary 
region,  and  the  complete  absence  of  this  sign  at  the  base. 

If  the  limitations  of  its  usefulness  be  borne  in  mind,  vocal  fremitus 
is  a  sign  of  very  great  value,  but  it  may  mislead  the  unwary.  In  massive 
pericardial  effusion  it  is  of  great  service  in  the  differential  diagnosis 
bet\veen  that  condition  and  large  left-sided  pleural  effusion. 

Frictlon  Fremitus. — In  health  the  smooth  and  moist  pleural  and  peri- 
cardial surfaces  move  upon  each  other  without  appreciable  sound.  When 
these  surfaces  are  the  seat  of  a  fibrinous  exudate  they  cause  frietion  sounds 
which  varj'  with  the  arrangement  and  density  of  the  exudate  and  thie 
energy  of  the  respiratorv  or  cardiac  movements  as  the  čase  may  be.  The 
vibrations  which  cause  the  sounds  are  transmitted  to  the  surface  and  con- 
stitute  the  tactile  sign  known  as  frietion  fremitus.  The  sensation  com- 
municated  to  the  examining  finger  is  that  of  grating  or  rubbing  and  varies 
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from  the  finest  grazing  to  a  coarse  attrition.  It  corresponds  in  location 
and  extent  with  the  friction  sound  which  is  its  auditory  equivalent. 

Pleural  fremitus  is  common  in  the  infra-axillary  region  or  below 
the  nipple  and  is  not  transmitted  beyond  a  limited  area. 

Pericardial  fremitus,  which  is  the  sign  of  fibrinous  or  dry  peri- 
carditis,  is  felt  in  the  preeordial  space  over  the  right  ventricle.  It  does 
not  usually  correspond  in  tirne  accurately  with  the  systole  or  diastole, 
gives  the  impression  of  being  very  superficial  and  is  limited  to  a  circum- 
scribed  area.  It  differs  from  the  thrills  felt  over  the  heart  in  the  tactile 
qualitie8  referred  to  in  a  preceding  paragraph. 

Pleural  fremitus  and  pericardial  friction  fremitus  disappear  as 
e£Fiision  takes  plače,  separating  the  roughened  surfaces,  and  as  adhesions 
develop,  by  which  the  surfaces  are  united. 

Rhonchal  Fremitus.  —  Coarse  bronchial  r&les,  both  dry  and  moist, 
sometimes  eommunicate  irregular  vibrations  to  the  surface  of  the  chest 
readily  recognized  upon  palpation.  This  form  of  fremitus  is  common  in 
young  children  and  may  occur  in  thin-chested  adults.  It  differs  from  fric- 
tion freimtus  in  being  coarse  and  more  irregular  and  varying  in  intensity 
and  quality  with  the  r&les  that  cause  it.    The  sign  is  of  little  diagnostic  value. 

Tracheal  tus:gins:«  a  sign  first  described  by  Oliver,  is  of  great  value 
in  the  diagnosis  of  deep-seated  thoracic  aneurism.  "Plače  the  patient  in 
the  erect  position  and  direct  him  to  close  his  mouth  and  elevate  his  chin 
to  almost  the  full  extent;  then  grasp  the  cricoid  cartilage  between  the 
finger  and  thumb  and  use  steady  and  gentle  upward  pressure  on  it,  when, 
if  dilatation  or  aneurism  exists,  the  pulsation  of  the  aorta  will  be  distinctly 
felt  transmitted  through  the  trachea  to  the  hand."  A  better  method  con- 
sists  in  the  application  of  the  index  and  middle  fingers  of  the  same  hand 
on  the  sides  of  the  cricoid  cartilage,  or  the  physician  may  stand  behind 
the  patient,  who  is  se»ted,  and  plače  the  forefingers  upon  the  sides  of  the 
cricoid,  with  gentle  upward  pressure.  The  downward  tug  may  be  readily 
recognized.  The  tug  is  due  to  the  fact  that  the  arch  of  the  aorta  passes 
over  the  left  primary  bronchus  in  such  a  manner  that  when  the  aorta  is 
dilated  it  impinges  upon  the  bronchus  with  each  pulsation.  The  tension 
of  the  bronchus  is  communicated  through  the  trachea  to  the  larynx.  A 
downward  tug  felt  only  upon  inspiration  is  frequently  present  in  health 
and  has  no  diagnostic  value.  Pulsation  transmitted  from  the  vessels  of 
the  neck  to  the  cricoid  must  not  be  confounded  with  tracheal  tugging. 
The  movement  of  the  former  is  forward  and  backward;  of  the  latter  a 
dbtinct  downward  puli  with  release. 

Palpation  in  the  Examination  of  the  Abdomen. 

This  is  the  most  valuable  of  the  methods  of  physical  diagnosis  in 
diseases  of  the  organs  below  the  midriff.  The  patient  should  be  in  bed 
and  the  belly  should  be  bared  as  for  inspection.  The  hand  of  the  physi- 
cian  should  be  warmed  and  applied  to  the  surface  with  gentle  pressure. 
One  or  both  hands  may  be  necessary.  Bimanual  palpation  may  be  from 
nde  to  side,  the  wall  of  the  abdomen  being  deeply  folded  between  the 
hands,  or  any  accessible  organ  or  tumor  being  thus  investigated,  or  the 
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bimanual  method  inay  be  used  in  the  study  of  the  lateral  regions  of  the 
abdomen,  one  hand  being  placed  in  the  lumbar  region,  the  other  in  front. 
In  this  manner  the  border  of  the  liver  may  be  raised  up  against  the 
anterior  wall  or  a  fioating  kidney  thrust  forward  for  esanunation,  or 
deep  fiuctuation  elicited  in  paranephritic  or  appendiceal  abscess,  or  a 
hycironephrosis  studied,  or  the  contour  of  an  enlarged  spleen  or  carcinoma 
of  the  sigmoid  fiexure  made  out.  When  the  object  of  the  examination  is 
to  localize  and  determine  the  degree  of  tenderness  it  is  better  to  study  the 
face  of  the  patient  than  to  depend  upon  his  statements  or  exclamations.  It 
is  also  important  to  distinguish  between  superficial  tenderness,  as  in  cutane- 
ous  hyperaDsthesia  and  the  deep  tenderness  of  an  inflamed  or  tumid  organ. 
It  will  frequently  be  found  that  here  as  elsewhere,  in  neurotic  persons, 
more  vivid  expressions  of  pain  are  called  forth  by  a  light  touch  than  by 
firmer  pressure — a  fact  in  itself  of  great  diagnostic  importance. 

Excessive  abdominal  fat,  muscular  tension,  and  ticklishness  are  obsta- 
cles.  The  first  often  nullifies  the  results  of  palpation;  the  others  mav 
be  overcome.  Muscular  tension  due  to  apprehension,  the  excitement  of 
the  oceasion,  or  other  nervous  causes  may  be  overcome  by  elevating  the 
head  upon  pillows  and  causing  the  patient  to  flex  his  thighs  and  knees; 
continuous  deep  or  rapid  breathing  is  also  useful.  Tact  and  address  on 
the  part  of  the  physician  and  suggestion  are  also  to  be  emploj^ed.  It  is 
frequently  necessary  to  examine  the  patient  under  general  anaesthesia 
before  expressing  a  final  opinion  as  to  the  nature  of  the  čase,  and  finallv, 
there  are  serious  cases  of  abdominal  disease  in  which  it  may  become  neces- 
sary  to  perform  an  exploratory  operation  to  arrive  at  a  positive  diagnosis. 
Ticklishness  is  an  obstacle  of  minor  importance,  but  it  may  call  for  the 
exercise  of  much  patience  on  the  part  of  both  the  doctor  and  the  patient. 

It  often  becomes  necessary  to  turn  the  patient  from  side  to  side  or 
to  examine  him  in  the  knee-elbow  posture,  or  standing.  A  digital  exami- 
nation  by  the  rectum  or  vagina  with  or  without  bimanual  manipulation 
is  frequently  required  in  lesions  of  the  lower  portions  of  the  abdomen. 

The  regions  of  the  abdomen  must  be  in  turn  sj'stematically  explored, 
the  natural  rings  and  accidental  sites  of  hernia  examined,  and  the  general 
outline,  contour,  and  condition  of  the  belly,  particularly  as  to  its  8ymmetry 
and  elasticity,  carefully  determined.  Large  knowledge  of  the  cha^ges 
caused  by  abdominal  disease  and  wide  experience  are  required  in  this 
field  of  diagnosis.  Here  also  a  delicate  and  well-trained  touch — tactus 
erudiius — is  especially  serviceable. 

The  signs  obtained  by  inspection  are  confirmed  by  palpation.  Much 
knowledge  is  obtained  by  the  latter  method.  This  comprises  the  follow- 
ing  subjects: 

The  Condition  of  the  Abdominal  Walls, 

General  and  Local  Fiuctuation, 

Pulsation,  Thrill  and  Fremitus, 

The  Respiratorv,  Postural,  and  Manipulative  Movements  of  Organa 
or  Tumors. 

Peristaltic  and  Fetal  Movements, 

The  Outline  and  Relations  of  Palpable  Tumors, 

Their  Den8ity  and  Elasticity, 

The  Nature  of  the  Surfaee  of  Tumors. 
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The  Abdominal  Wall8. — In  healthy  young  persons  the  belly  walls 
are  soft  and  elastic  but  neither  tense  nor  Felaxed,  and  the  cnrvature  of 
the  abdomen  as  determined  by  inspection  and  palpation  is  8ymmetrical 
and  uniform. 

Abnormal  firmness  and  relaxation  are  attended  by  a  loss  of  healthy 
elasticity.  Local  firmness  may  be  caused  by  inflammatory  or  carcinoma- 
tous  infiltration,  and  general  hardness  by  the  massive  enlargement  of  the 
liver,  spleen,  uterus,  an  ovary,  or  other  organ,  or  diffuse  malignant  deposits 
in  the  intestines  or  peritoneum.  Muscular  rigidity  is  characteristic  of  the 
early  stage  of  peritonitis.  It  may  be  localized,  as  in  the  right  lower  quad- 
rant  in  appendicitis  or  enteric  fever,  or  general.  Local  rigidity  of  the 
bellies  of  the  recti  is  sometimes  observed  in  neurotic  persons  and  may  be 
mistaken  for  a  tumor,  as  a  thickened  or  carcinomatous  pylorus.  Local 
rigidity  with  meteorism  constitutes  phantom  tumor.  A  generalized  inelas- 
tie  doughy  sensation  upon  palpation  is  often  observed  in  tuberculous 
peritonitis.  The  general  distention  of  ascites  is  associated  with  dulness 
save  in  the  upper  portions,  where  there  is  tympany,  and  with  fluctuation; 
that  of  meteorism  is  associated  with  tympany  everywhere,  including  the 
dependent  parts,  and  a  balloon-like  elasticity  quite  different  from  that  of 
the  normal  abdomen.  The  anasarcous  abdominal  wall  is  doughy,  inelastic, 
and  pits  upon  pressure;  dropsical  accumulations  are  seen  in  the  flank 
and  elsewhere  in  the  more  dependent  parts. 

Relaxation  follows  the  resorption  of  large  amounts  of  fat  and  repeated 
childbearing.  In  such  cases  the  belly  wall  is  often  pendulous  and  remark- 
ably  puckered  and  thrown  into  folds  when  the  patient  lies  upon  her  back. 
ReIaxation  also  follows  ascites  of  long  standing  and  the  removal  of  large 
tumors  and  is  usuallv  present  in  old  age  and  the  advanced  stages  of  wast- 
ing  diseases.  In  women  who  have  borne  manv  children  wide  separation 
of  the  recti  is  occasionally  seen,  the  connective  tissue  of  the  linea  alba 
being  enormouslv  stretched  and  thinned  and  the  gastric  and  intestinal 
peristalsis  plainlv  seen  and  felt  over  a  large  area  in  the  middle  of  the 
abdomen.  In  such  cases  very  large  ventral  hernia  and  downward  displace- 
ment  of  the  abdominal  viscera — Gl^nard*s  disease — are  commonly  present. 

Local  tumors  of  the  abdominal  walls  are  abscess,  attended  by  local 
induration  and  central  softening;  cvsts,  oval  or  circular  in  outline,  tense, 
elastic  and  fluctuating;  enlarged  lymph-nodes  in  the  inguinal  region; 
subcutaneous  carcinomatous  and  sarcomatous  tumors,  which  may  be  mov- 
able  or  immovable,  and  arranged  in  irregular  masses  as  is  common  in  the 
former,  or  scattered  singly  over  a  wide  area  as  in  sarcoma;  and  hernia. 
The  last  appears  in  definite  locations,  as  the  inguinal  and  crural  rings,  the 
umbilicus,  in  the  linea  alba — ventral  hernia — and  in  the  sites  of  scars  after 
surgical  operations.  Upon  palpation  the  hernial  tumor  is  usually  soft, 
elastic  and  reducible;  omental  hernias  are  doughy  and  irregular  in  outline. 
The  hernia  which  cannot  be  returned  to  the  abdomen  by  manipulation 
is  irreducible,  that  which  is  tightly  constricted  and  is  therefore  likely  to 
become  or  has  already  become  sphacelated  is  strangulated. 

The  umbilicus  that  pouts  in  ascites  or  pregnancy  is  smooth,  stretched, 
and  8oroewhat  translucent.  In  umbilical  hernia  the  ring  is  usually  dis- 
tinctly  felt;    when  omental  the  tumor  at  the  na  vel  is  often  large,  firm, 
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irregular  in  its  surface  and  irreducible  and  may  suggest  a  malignant  growth. 
The  umbilicus,  normally  somewhat  movable,  when  the  seat  of  8econdary 
carcinoma,  U8ually  by  extension  from  the  liver,  becomes  fixed  and  is  indu- 
rated  and  nodular.  Tuberculous  infiltration  of  the  tissues  around  the 
na  vel  has  been  observed  in  tuberculosis  of  the  peritoneum.  A  deeply 
seated,  painful  8welling  of  the  navel  is  usually  an  abscess. 

Fluctuation. — This  sign  is  elicited  by  combined  bimanual  pereussion 
and  palpation,  those  methods  being  employed  at  the  limits  of  the  area 
exaniined,  as  for  example  at  the  right  and  left  lateral  regions  of  the  abdo- 
men  in  suspected  ascites  and  at  the  opposite  borders  of  circumseribed 
collections  of  fluid  as  in  pancreatic  or  other  cysts.  To  elicit  general  fluc- 
tuation the  palpating  left  hand  or  finger-tips  are  lightly  laid  upon  the  sur- 
face of  the  right  side  of  the  patient^s  abdomen,  while  with  the  fingers  of 
his  right  hand  the  examiner  percusses  or  taps  somewhat  sharply  upon 
the  left  side  of  the  abdomen.  If  there  be  ascites  a  transmitted  wave  cor- 
responding  to  each  tap  is  felt  upon  the  opposite  side.  This  wave  is  also 
in  many  cases  visible.  Very  light  pereussion  may  bring  out  this  physieal 
sign  when  the  wall  of  the  abdomen  is  thin.  The  thin  ulnar  border  of  the 
hand  of  an  assistant  must  be  rather  firmly  pressed  against  the  abdomen 
in  the  middle  line  to  arrest  the  undulatorv  transverse  movement  of  the 
wall,  which  very  often  simulates  the  fluctuation  of  peritoneal  efTusion. 
This  sign  does  not  arise  unless  the  fluid  is  freely  movable  and  sufficient 
in  amount  to  rise  above  the  pelvis — two  or  more  litres. 

The  method  of  determining  fluctuation  in  circumseribed  collections 
of  fluid,  as  pancreatic  or  other  cysts  within  the  abdomen,  circumseribed 
effusions,  dropsy  or  empyema  of  the  gall-bladder,  etc,  is  somewhat  differ- 
ent  in  technic  and  available  only  in  patients  whose  belly  walls  are  com- 
paratively  thin.  The  tips  of  the  palpating  fingers  are  lightly  placed  in 
contact  with  the  surface  at  one  border  of  the  area  under  examination  while 
the  opposite  border  is  sharply  but  lightly  flicked  with  the  nail — dorsal 
surface  of  the  tip  of  the  middle  or  ring  finger  suddenly  disengaged  from 
contact  with  the  palmar  surface  of  the  thumb,  as  one  flicks  a  erumb.  By 
this  method  not  only  can  fluctuation  of  limited  extent  be  determined  but 
also  the  limits  of  the  area  in  which  it  is  present  defined. 

Pulsation,  Thrill  and  Fremitus. — Pulsatlon. — In  thin  persons  the 
normal  pulsation  of  the  aorta  mav  l>e  felt  upon  deep  palpation  in  the  middle 
line  about  the  level  of  the  umbilicus.  Abnormal  pulsation  of  the  abdomi- 
nal  aorta  is  of  two  kinds,  the  so-called  dvnamic  pulsation  seen  in  neurotic 
personS;  not  expansile  and  not  associated  with  tumor  or  other  signs  of 
dilatation  of  the  vessel,  and  the  expansile  pulsation  of  abdominal  aneurism, 
in  which  a  tumor  that  can  be  grasped  between  the  hands  and  is  the  seat 
of  distinet  expansile  pulsation  may  be  present  together  with  other  signs 
of  aneurism.  The  differential  diagnosis  between  these  two  forms  of  pul- 
sation should  not  be  a  matter  of  doubt.  Pulsation  is  sometimes  trans- 
mitted from  the  aorta  to  a  tumor  overlving  it  in  such  a  manner  as  to 
simulate  aneurism,  especially  as  the  pressure  of  the  tumor  may  cause 
both  bniit  and  thrill.  The  fact  that  the  pulsation  is  not  expansile  and  the 
palpation  of  the  tumor  in  the  knee-elbow  post  ure.  when  the  movement  of 
the  aorta  b  no  longer  communicated  to  it,  serve  to  render  the  differential 
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diagnosis  between  such  a  tumor  and  aneurism  a  matter  of  comparative 
ease.  Dynamic  pulsation  of  the  aorta  is  felt  in  the  course  of  the  vessel 
in  the  middle  line  and  slightly  to  the  left  of  it;  that  of  aneurism  is  usually 
more  extended  transversely  and  may  be  felt  some  distance  to  the  left, 
even  reaching  al  most  as  far  as  the  iliac  crest,  as  I  saw  in  a  čase  verified 
by  autopsy. 

The  liver  pulsation  due  to  tricuspid  incompetencj' — hepatic  venous 
pulse — may  frequently  be  recognized  upon  palpation,  especially  bimanual 
palpation,  when  it  is  not  visible  upon  inspection,and  by  the  former  method 
the  difference  between  the  expansive  movement  of  a  pulsating  liver  and 
the  jogging  due  to  the  communicated  movement  of  the  heart  may  be 
appreciated. 

Thrill. — This  sign  is  sometimes  met  with  in  abdominal  aneurism  and 
tumors  pressing  upon  the  aorta.     It  has  little  diagnostic  significance. 

Fremltus  is  the  sign  of  echinococcus  cysts — hydatid  fremitus  or  thrill. 
The  tumor  is  soft,  elastic,  fluctuating,  and  in  the  majority  of  cases  the  seat 
of  a  peculiar  vibration  or  fremitus,  which  may  be  felt  by  palpation  with 
two  or  three  fingers  of  the  same  hand  or  by  placing  three  finger-tips  widely 
separated  upon  the  surface  and  lightly  percussing  the  middle  finger.  Gall- 
stone  fremitus  is  sometimes  elicited  upon  palpation  of  the  gall-bladder 
distended  with  a  large  number  of  calculi.  It  is  a  comparativelv  rare  but 
very  important  sign. 

Movements  of  Abdominal  Organs  or  Tumors. — The  movements  ol 
intra-abdominal  organs  and  tumors  constitute  phy8ical  signs  of  great 
value  in  diagnosis.    They  are  respiratorg,  postural^  and  manipuhtive. 

Re8plratory  movements  are  conmiunicated  to  the  organs  in  close  rela- 
tion  to  the  diaphragm,  especially  the  liver,  spleen,  and  to  a  less  extent  the 
kidney8.  Tumors  of  the  stomach  are  usually  but  little  influenced  by  th^ 
movements  of  the  diaphragm.  Conditions  which  hinder  the  respiratory 
movements  of  the  diaphragm,  such  as  pleurisy,  emphysema,  massive  en- 
largement  of  the  liver  or  spleen,  advanced  pregnancy,  meteorism  and  ascites, 
restrict  or  wholly  arrest  the  respiratory  movements  of  abdominal  viscera. 
The  anatomical  relations  of  the  pancreas  and  retroperitoneal  glands  are  such 
that  they  are  not  influenced  by  the  movements  of  respiration.  Very  large 
cy8t8  of  the  pancreas  may  show  slight  movement  on  deep  breathing. 

Intrarabdominal  new  growths  which  are  influenced  by  respiratory 
movements  originate  in  the  upf)er  portion  of  the  cavity;  those  which  manifest 
no  re8piratory  movement  upon  careful  palpation  commonly  but  not  alway8 
develop  from  the  pelvic  organs  or  from  structures  directly  connected  with 
the  spinal  colunm  behind  the  peritoneum — pancreas,  retroperitoneal  lym- 
phatic  glands,  aneurism. 

Postaral  Movements. — Free  fluid  in  the  cavity  tends  to  gravitate  to 
the  mo6t  dependent  space,  while  the  air-containing  intestines  float  upon 
the  surface  of  the  fluid.  Small  effusions  may  cause  dulness  in  the  umbilical 
region  when  the  patient  assumes  the  knee-elbow  position.  Floating  viscera, 
kidiney8|  spleen,  and  in  very  rare  instances  the  liver,  are  recognized  upon 
palpation  by  their  size,  shape,  and  general  relationships.  A  liver  dislocated 
has  little  range  of  movement,  but  the  kidney  and  spleen  may  bo  found  in 
distant  regions  of  the  abdominal  cavity,  even  at  the  brim  of  the  pelvis. 
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The  Technic  op  Palpation  op  the  Kidnet. — ^The  recognition  of 
a  displaced  kidney  is  not  attended  with  difficulty.  Palpation  shoiild  be 
bimanual,  one  hand  pressing  upward  from  the  lumbar  region  while  the 
other  is  gently  moved  over  the  anterior  surface  of  the  abdomen,  wh^ch 
shoiild  be  as  relaxed  as  possible.  The  tumor  is  oval,  smooth,  firni;  and  Kas 
the  oblong  shape  of  the  kidney.  It  is  sometimes  possible  to  recognize  the 
hilum  and  to  feel  the  pulsating  renal  artery.  The  tumor  is  usually  sensi- 
tive  to  firm  pressure  and  freely  movable.  In  the  knee-elbow  posture  it 
advances  towards  the  wall  of  the  abdomen,  while  it  sinks  backward  and 
may  be  pressed  into  its  normal  position  when  the  patient  assumes  the 
dorsal  decubitus.  In  the  lateral  and  erect  postures,  it  sinks  to  the  lowest 
point  of  its  range  of  movement.  Except  in  the  čase  of  a  much  elongated 
mesonephron,  it  moves  also  with  the  movements  of  respiration.  Wan- 
dering  kidney  is  more  common  in  women,  in  multiparae,  upon  the  right 
than  the  left  side  and  is  occasionally  bilateral. 

The  Technic  of  Palpation  op  the  Spleen. — The  patient  should 
be  placed  in  a  position  midway  between  right  lateral  and  dorsal,  with 
his  left  hand  upon  his  head.  The  thighs  should  be  flexed  in  order  to  relax 
as  far  as  possible  the  abdominal  wall.  The  head  shpuld  be  slightly 
retracted  and  the  patient  directed  to  breathe  deeply  and  slowly.  The 
physician,  standing  at  the  patienfs  right,  exerts  with  his  left  hand  firm 
pressure  upon  the  infra-axillary  region  downwards  and  forwards  while,  with 
his  right  hand,  he  presses  the  soft  belly  wall  below  the  areh  of  the  ribs 
upwards  and  inwar(is  to  determine  whether  or  not  the  lower  border  of  the 
spleen  can  be  felt  and  in  particular  at  the  end  of  deep  inspiration.  Too 
much  force  must  not  be  employed  lest  a  greatly  softened  spleen,  as  in  enteric 
fever,  might  be  ruptured.  The  data  yielded  by  p)ercussioQ  in  the  exainination 
of  the  spleen  are  rendered  imcertain  by  gastrectasis,  meteorism,  pleural 
effusion,  and  fecal  accumulations  in  the  colon  and  new  growths  in  the  splenic 
region.  The  results  of  palpation  in  moderate  enlargement  are  much  more 
satisfactory  and  reliable. 

The  diagnosis  of  massive  enlargement  of  the  spleen  is  usually  a  matter 
of  ease  and  certainty.  The  contour  of  the  tumor,  upon  which  may  be  dis- 
tinctly  felt  a  sharply  roimded  inner  border,  often  notched  opposite  the 
hilum,  its  firmness,  its  slight  movement  upon  deep  breathing,  and  the  smooth- 
ness  of  the  surface  are  of  diagnostic  importance.  * 

Wandering  spleen  is  not  often  difficult  of  recognition.  The  displaced 
organ  is  readily  palpable  below  the  left  h^pochondrium,  less  often  in  the 
umbilical  or  left  iliac  region,  and  very  rarely  at  the  brim  of  the  pelvis,  as 
a  smooth  oval  tumor  of  the  outline  of  the  spleen,  notched  and  freely  mov- 
able upon  change  of  posture  and  by  manipulation.  If  the  organ  occupies  a 
position  to  which  the  movements  of  the  diaphragm  do  not  extend,  it  does 
not  move  even  upon  the  deepest  respiration. 

Movements  upon  Manipulation. — AH  abnormal  organs  and  tumors 
that  change  their  position  in  response  to  changes  in  posture  are  movable 
upon  manipulation  or  palpation.  The  list  comprises  floating  liver,  spleen, 
and  kidney;  in  the  absence  of  adhesions,  tumors  of  the  pylorus  and  less 
frequently  of  other  parts  of  the  stomach,  as  the  greater  curvature,  new 
IQrowth8  in  the  intestines,  excepting  the  aseending  and  descending  colon;   • 


PHYSICAL  DIAGNOSIS:     PALPATION.  103 

fecal  aicčumulations,  gall-stones  and  enteroliths;  mesenteric  and  omental 
tumors.  The  range  of  movement  is  limited  in  tumors  of  the  gall-bladder 
and  pancreatic  cyst,  in  the  upper  regions  of  the  abdomen;  very  limited 
in  tumors  of  the  ascending  and  descending  colon  laterally  and  enlarge- 
ments  of  the  uterus  and  ovaries  in  the  lower  segment.  Ali  malignant  and 
some  benign  tumors  tend  to  contract  adhesions  which  interfere  with  move- 
ment. The  following  are  immovable.  small  tumors  of  the  pancreas,  retro- 
peritoneal  growths,  peri-appendiceal  infiltration,  adhesions  and  abscess, 
abdominal  aneurism  and  abscesses. 

Peristaltic  and  Fetal  Movements.  —  The  peristaltic  movements 
may  sometimes  be  felt,  as  they  may  be  seen,  in  thin  individuals  in  health 
and  when  in  obstruction  of  the  bowel  they  become  excessive.  In  chronic, 
8lowly  developing  stenosis  of  the  gut  the  musculature  of  the  intestines 
undergoes  hypertrophy  and  the  peristalsis  becomes  proportionately  more 
powerful.  Antiperistaltic  or  reverse  waves  may  sometimes  be  felt.  Pal- 
pable  coarse  intestinal  movements  with  the  formation  of  knots  accom- 
panied  by  borborygmi  may  be  present  in  colic  and  in  hysteria.  The  gastric 
and  intestinal  movements  are  very  plainly  felt  and  seen  in  cases  of  wide 
separation  of  the  recti  in  women  who  have  borne  many  children. 

The  movements  of  the  foetus  may  be  often  plainly  felt  upon  palpation, 
and  in  advanced  pregnancy  the  position  of  the  foetus  may  be  recognized 
by  this  method  of  examination.  AH  these  movements  may  be  rendered 
more  active  by  manipulation  and  the  sudden  application  of  cold. 

Outline. — By  palpation  we  determine  whether  an  intra-abdominal  mass 
is  round,  oval,  or  irregular  in  outline;  whether  it  is  rough,  nodular,  or  smooth; 
whether  it  resembles  a  viscus  as  the  kidney  or  spleen  in  shape  and  has  char- 
acteristic  anatomical  features,  as  the  hilum  or  a  pulsating  artery.  We  ascer- 
tain  its  apparent  point  of  origin,  as  in  the  epigastrium,  the  lateral  regions  of 
the  abdomen,  or  the  pelvis,  and  whether  or  not  it  has  direct  attachments  or 
relations  with  another  organ,  such  as  may  be  made  out  between  an  enlarged 
gall-bladder  and  the  liver,  carcinoma  of  the  pylorus  and  the  stomach,  or  a 
large  cy8t  in  the  left  hypochondrium  and  the  pancreas. 

I>enslty  and  Ela8ticity. — The  signs  relating  to  the  consistency  of  an 
intra-abdominal  mass  can  be  ascertained  by  palpation  alone.  We  thus 
determine  whether  it  is  fluctuating  as  in  abscess  or  cyst;  soft  as  in  rapidly 
developing  new  growths  and  aneurism;  moderately  firm  as  in  organs  the 
seat  of  congestion  and  hypertrophy,  or  dense  as  in  8lowly  developing  car- 
cinoDDia  or  interstitial  overgrowths.  In  fecal  accumulations  the  tumor  is 
sometimes  hard  and  firm,  sometimes  soft  and  doughy  and  can  be  indented 
by  the  finger. 

Sorface. — ^Palpation  enables  us  to  study  the  surfaces  of  organs  and 
tumors.  The  smooth  surface  of  an  amyloid  or  fatty  liver,  the  coarse  granular 
surface  of  the  liver  in  atrophic  cirrhosis,  the  nodular  liver  with  its  rounded 
isolated  eminences  at  the  summit  of  which  slight  depressions  may  be  felt — r 
Farre'8  tubercles — in  cancer,  are  examples  of  surface  changes  of  diagnostic 
importance.  The  smooth  surface  of  the  distended  gall-bladder  stands  in 
fltiODg  contrast  with  the  irregular  outline  of  carcinoma  of  the  pylorus;  the 
irregular  multilocular  echinococcus  of  the  liver  can  hardly  be  differentiated  from 
hepalie  cancer,  but  is  wholly  unlike  the  smooth,  elastic,  and  vibrating  single 
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hydatid  cjst.  The  smooth,  elastic,  and  fluctuating  cy8t  in  hjdronephrosis 
differs  altogether  from  the  firm,  nodular  and  irregularly  shaped  mass  in 
carcinoma  of  the  kidney;  and  the  smooth,  ovoid,  nearly  centrally  placed 
tumor  of  early  pregnaney  is  wholly  unlike  the  tumor  formed  by  irregular, 
eoarsely  nodular  subperitoneal  uterine  myomata. 

MENSURATION. 

Instruments  of  Precision — Graphic  Methods. 

The  use  of  instruments  of  precision  is  of  great  importance  in  physical 
diagnosis.  Sueh  appliances  varv  from  a  simple  graduated  tape  to  the 
most  intricate  and  delieate  h8emodynamometer  or  polygraph.  The  writer 
holds  the  opinion  that  simplieity  both  of  method  and  of  instruments 
yields  the  most  satisfactoiy  results  at  the  bedside,  and  that  intricate  and 
costly  mechanical  devices  which  require  great  technical  skill  and  con- 
sume  much  time  are  better  suited  to  scientific  research  than  to  every-day 
clinical  work. 

Measurement  of  the  chest — thoracoiiietry — mav  be  conveniently  made 
by  a  steel  tape  graduated  upon  one  side  in  eentimeters,  on  the  other  in 
inches ;  the  diameters  are  taken  by  calipers  made  f or  the  purpose. 

The  circumference  and  semicircumferences  are  taken  at  the  level  of 
the  nipples  or  the  fourth  costosternal  articulation  in  quiet  breathing,  in  full 
held  inspiration  and  on  full  expiration.  Čare  must  be  taken  that  the  tape 
is  horizontal.  The  normal  chest  is  nearly  but  not  quite  symmetrical,  the 
right  semicircumfereuee  beinpr  in  the  majority  of  individuals  slightly  larger 
than  the  left — an  average  differenee  of  about  half  an  inch.  It  is  well  to 
make  a  mark  with  a  dermatographic  pencil  in  the  median  line  in  front 
and  over  a  vertebral  spine  at  the  same  level  and  measure  the  semicircum- 
fereuee from  point  to  point  on  each  side  for  comparison.  Two  tapes  attached 
to  a  little  wooden  saddle  which  lits  over  a  vertebra  are  useful  to  determine 
the  semieircumferenee  on  <iuiet  breathing  and  the  differences  on  forced 
respiration.  The  average  circumference  in  men  is  34.3  inches  (87  cm.) ; 
in  \vonien  29.5  inches — (75  cm.).  The  difference  in  forced  expiration  and 
full  held  inspiration  varies  in  normal  individuals  between  1.5  (4  cm.)  and 
5  inches  (12.5  cm.). 

The  main  diameters  of  the  chest  at  the  same  level  as  taken  by  compass 
calipers  with  cur\'ed  arms  or  slide  calipers  are:  anteroposterior  (the  depth 
of  the  chest")  average  in  re^K>se  in  men  7.5  inches  (19  cm.) ;  in  women  6.9 
inches  (17  cm.) ;  bilateral  or  trausverse  (the  breadth  of  the  chest),  average 
in  men  9.9  inches  (25  cm.). 

Spiroiiietry. —  By  this  means  we  ascertain  the  vdume  of  the  tidal  air. 
The  instrument  us<h1  is  the  spirometer.  Various  forms  are  in  use,  but  the 
n^siilts  aro  far  from  satisfaotorv.  The  instruments  are  cnmbersome  and 
ro<piin^  a  certain  amount  of  training  to  obtaip  oonstant  results.  The  sex,  age, 
Nveight  and  hoight  must  l>o  taken  into  account  Thus  for  every  inch  above 
five  feet,  eight  cuhic  inches  an^  to  1>e  added  to  the  normal  standard,  which 
for  five  feet  is  17  cubio  inches.  The  estimated  average  hmg  eipadty  for 
height  in  malea  betw«H>n  sixteen  and  forty  yeara  of  age  is,  aeeoidiiig  to  Otis, 
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CYRTOMETRIC  TRACINGS. 


Fia.  48a. — Outline  of  normal  ohest. 


Fig.  486. — Outline  of  emphy8eiDatoua  cheBt. 


Fin.  4te. — Outline  of  ehest  8howing  "funnel  shaped** 

deformity. 


Flo.  496. — Outline  of  phthisioal  chost^ 


Fta.  BOM,    O^tfi—  of  the  ehett  in  ipinal  curvature. 


Fio.  606.— Outline  of  the  cheet  in  riekete. 
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twenty-three  cubic  centimeters  f or  every  centimeter  of  height ;  in  f ^nales  at 
nineteen  years  of  age,  it  is  fifteen  eubie  centimeters  for  eaeh  centimeter  of 
height. 

Waldenburg's  pneumatometer  is  an  apparatus  designed  to  measure  the 
respiratory  energy.  Normally  the  power  exerted  in  expiration  is  greater 
than  in  inspiration  by  from  twenty  to  thirty  millimeters  of  mercury.  In 
emphysema  and  asthma  the  expiratory  pressure  is  greatly  diminished,  while 
in  certain  forms  of  phthisis  the  inspiratory  power  is  much  lessened. 

Crytometry. — The  determination  of  the  outline  of  a  cross-section  of 
the  chest  may  be  made  with  an  instrument  called  a  cyrtometer — measure 
of  the  curve.  This  procedure  is  of  no  great  use  in  ordinary  clinical  work 
but  very  suggestive  and  important  in  teaching.  Elaborate  and  costly 
instruments  are  not  necessary  for  this  purpose.  The  best  device  consists 
in  a  little  metal  saddle  made  to  fit  the  spine,  to  each  side  of  which  is  hinged 
a  strip  of  leaden  ribbon  half  an  inch  in  width  and  thick  enough  to  be  easily 
bent  so  as  to  conform  to  the  surface  of  the  chest,  yet  retain  its  form  wheii 
removed.  The  saddle  is  set  upon  the  spine  at  the  level  selected,  the  leaden 
band  is  carefully  adjusted  to  the  surface  on  each  side  and  made  to  meet 
at  the  median  line  in  front.  It  is  then  released,  opened  at  the  hinges, 
removed  from  the  chest  and  then  laid  upon  a  sheet  of  paper,  the  ends 
being  brought  together  at  the  point  of  meeting  in  the  median  line.  The 
outline  is  controlled  by  the  fixation  of  the  main  diameters  by  means  of 
the  calipers.  A  soft  pencil  is  then  used  to  make  the  tracing  on  the  inside 
of  the  cyrtometer.  The  various  deformities  of  the  chest  described  under 
inspection  may  be  thus  depicted. 

Circumferential  measurements  of  the  abdomen  at  the  level  of  the 
umbilicus  and  vertical  measurements  from  the  ensiform  cartilage  are 
useful,  especially  for  purposes  of  eomparison  in  ascites  and  enlargements 
from  tumor  or  other  conditions.  They  are  best  made  with  the  ordinary 
graduated  tape.  Measurements  from  various  fixed  points  upon  the  surface 
of  the  thorax  or  abdomen  are  necessary  for  purposes  of  record. 

Methods  of  Recording  the  Circulatory  Movements.^ 

The  Sphygmograph. — The  first  instrument  introduced  into  clinical  medi- 
cine for  the  purpose  of  recording  circulatorj'  movements  was  the  sphygmo- 
graph.  By  its  use  a  single  record,  U8ually  of  the  pulsation  in  the  radial 
artery,  is  obtained.  After  many  years  of  eareful  work  with  this  instrument 
it  has  now  been  practically  discarded.  It  has  fallen  into  disrepute  because  it 
failsto  yield  the  knowledge  which  is  to-day  considered  essential  for  theproper 
understanding  of  many  disturbances  of  the  circulation.  In  fact,  except  for 
the  sake  of  a  permanent  objective  record,  little  is  gained  which  can  not  be 
foretold  by  the  well-trained  palpating  finger.  The  form  of  the  curves  ob- 
tained from  the  pulsation  in  the  artery  is  so  liable  to  alteration  by  the 
improper  adjustment  of  the  instrument,  or  by  the  anatomical  conditions, 
that  conclusions  drawn  from  the  record  are  uncertain.  The  8phygmograph 
may,  therefore,  be  considered  of  but  meagre  clinical  value  and  the  instru- 
ment  will  not  be  fnrther  discussed. 

I  Cootribatod  by  G.  C»nby  RoUimoii.  M.A..  m  eolkbontor. 
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Tbe  Po]ygraph. — An  important  eontribrttion  to  the  study  of  Gireulatory 
distjrbaiices  vas  made  when  James  Maekenzie  introduced  the  polygraph  into 
elinical  medicine.  This  instrument  allowB  two  or  more  aimultaneous  graphic 
reetHrds  of  circnlator^  movements  to  be  made.  By  recording  the  pulsations  of 
the  jngular  vein  and  of  the  radial  artery  at  the  same  tirne,  the  movements  of 
the  aurides  and  of  the  ventricles  can  be  studied.    Tbe  Btudy  of  the  move- 


Fiu.  61. — J>qu«t  portaUa  po1y(npb, 

tneata  of  the  two  chambers  of  the  heart  has  proved  of  great  value  in  aOov- 
ing  the  varions  tjpes  of  cardiac  irregnlarities  to  be  differentiated. 

Instrumenta  have  been  devised  which  are  readily  portable  and  applicable 
at  tbe  bedside  or  in  the  office. 

Two  forms  of  instnunents  have  come  into  general  uae  for  this  purpose : 


Fin.  S3.— The  Mi 


the  Jaquet  polygraph,  which  records  the  pulsations  of  tbe  radial  artery  and 
the  jt^nlar  vein  on  smoked  paper  (Fig.  51) ,  and  the  Maekenzie  ink  polygraph 
(Fig.  52).  Each  instrument  is  provided  with  a  time-niarker,  marking  off 
fifths  of  aecondjB  so  that  intervala  of  distance  on  the  records  can  be  con- 
verted  into  intervala  of  tirne.  The  latter  instrument  is  to  be  recommended 
for  elinical  pnrpoKS  when  used  away  from  a  laboratory,  aa  smoked  paper 
I  ineonveniences.  The  Maekenzie  instmnient  also  alIowB  prolonged 
s  to  be  made  vbiie  the  Jaqaet  does  not.    An  ordinary  kymograph  as 
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used  in  physiological  laboratories,  set  upoa  &  table  on  wheelfi,  is  serrice- 
able  for  bospital  use. 

The  study  of  the  venous  pulse  record  has  laid  the  foundation  for  a 
clear  understandiag  of  the  disturbances  of  the  eardiac  mechanism.  The 
nonnal  pulsations  in  the  jugular  vein  yield  a  record  consisting  of  three 
main  waves  (Fig.  53).  These  wave8  have  been  designated  "A,"  "C,"  and 
"  V  "  waves,  because  they  are  known  aa  the  auricular,  the  carotid  and  the 
ventricular  waves.  They  bear  a  constant  relation  to  one  another  and  mark 
the  detinite  aetivities  in  the  eardiac  cyele.  The  "  A  "  wave  Ib  caused  by  an 
increased  pressure  in  the  jugular  vein  resulting  from  the  eontraction  of 
the  right  auriele,  which,  while  forcing  the  blood  into  the  ventricle,  also  stops 
the  onHow  of  venous  blood  and  causes  as  well  back  pressure  in  the  great 
veins.  The  "  C  "  wave  accompanies  ventricular  eontraction,  and  at  least 
in  part  is  the  result  of  the  upward  bul^ng  of  the  tricuspid  valves  and  the 
base  of  the  auricies.    The  wave  la  often  augmented  by  the  pulsation  in  tbe 


Fi<i,  M,— Nonnal  record.     PnlvjcrapliiB  trHjin«,  th«  luruUr  pub«  »boM  snd  lh(  brmchiiil  pu>--  brlo«. 
Kotmsl  lelUion  ct  A  ina  C  w>VH  »town, 

carotid  artery  whieh  lies  under  the  vein.  The  "  V  "  wave  occurs  during 
the  latter  part  of  ventricular  ^stole,  the  erest  of  the  wave  marking 
the  eompletion  of  systole  and  the  onset  of  diastole.  The  wave  subsides 
when  the  tricuspid  valves  open  and  allow  once  more  free  passage  of  venoits 
blood  from  the  veins  throufrh  the  riffht  auriele  into  the  ventricle.  Other 
wave3  have  bccn  described,  but  as  they  have  but  little  beariug  on  cUnical 
diagnosis  Ibev  will  not  be  discussed. 

The  interpretation  of  the  venous  pulse  tracing  is  only  possible  with  cer- 
tainty  when  it  is  aceomplishod  by  a  trncing  from  the  radial  or  from  some 
other  arterv.  By'  comparison  of  the  radial  arterial  tracinp  with  the  venous 
tracing  the  "  C  "  wave  of  the  latter  can  be  identified,  as  with  eaeh  heart- 
beat  it  precedes  the  onset  of  the  radial  tracing  by  about  c"e-tenth  of  a 
second  or  half  of  «ne  interval  marked  by  the  fime-marker  on  the  record. 
When'the  "  C  "  wave  of  the  venous  tracing  is  identified,  it  will  be  found 
to  follow  the  "  A  "  Tvave  in  the  normal  record  by  about  one-fifth  of  a  second. 
The  meaaurement  is  mado  from  the  onset  or  "foot-point"  of  each  waTe.  It 
is  the  relation  of  the  "  A  "  and  "  C  "  waves  whieh  is  of  greatest  valoe  in 
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the  interpretation  of  the  cardiac  action,  as  their  normal  relation  is  only  dis- 
turbed  when  there  is  a  lack  of  proper  coordination  of  the  auricles  and 
ventricles  of  the  heart.  As  nearly  ali  forms  of  cardiac  aiThythmia  are 
accompanied  by  a  lack  of  proper  coordination  of  the  auricles  and  ventricles, 
the  que8tion  of  this  coordination  is  an  important  one.  The  polygraph  will 
iisually  8how  whether  there  is  a  normal  relation  or  not  between  the  activities 
of  the  anricles  and  ventricles,  and  will  indicate  the  various  types  of  cardiac 
irregularities  from  one  another.  This  differentiation  is  essential  for  the 
diagnosis,  prognosis,  and  treatment  of  cardiac  disorders  accompanied  by 
irregularities  of  the  heart. 

The  analysis  of  polygraphic  records  obtained  from  cases  in  which 
various  disturbances  of  the  heart-beat  are  present  is  not  difficult  when  the 
normal  mechanism  of  the  heart  is  kept  in  mind.  It  must  be  remembered 
that  the  impulse  which  sends  the  heart  into  contraction  starts  in  the  sinus 
node  situated  in  the  upper  portion  of  the  right  auricle  and  spreads  rapidly 
throughout  the  auricles,  setting  up  a  simultaneous  contraction  of  both 
auricles.  The  impulse  then  passes  from  them  through  the  auriculo-ventricu- 
lar  bmidle  (bundle  of  His)  and  reaehes  the  ventricles  after  a  definite  interval 
of  time.  The  impulse  is  then  carried  rapidly  through  the  ventricular  con- 
dueliiig  prstem,  and  sets  the  two  ventricles  into  simultaneous  contraction. 
Abj  distorbance  of  rate  of  impulse  conduction  or  of  the  normal  sequence 
of  tte  eardiae  activity  will  be  manifested  by  a  disturbance  in  the  coordina- 
tkMi  of  the  comtractions  of  the  auricles  and  ventricles,  and  will  show  itself 
in  tlie  reeord  obtained  by  the  polygraph. 

The  various  disturbances  of  the  heart-beat  in  which  the  use  of  the 
poljgimph  have  been  of  especial  value  can  be  classified  as  f oUovvs : 

Sinus  arrhythmia, 

£xtrasystole8,  or  premature  beats  of  the  auricles, 

Anricidar  flutter, 

Auricular  fibrillation, 

Disturbances  of  conduction, 
Delayed  conduction, 
Partial  heart-block, 
Complete  heart-block, 

Extrasystoles,  or  premature  beats  of  the  ventricles. 
Each  of  these  types  of  disturbed  cardiac  mechanism  can  be  distinguished 
by  means  of  polygraphic  tracings. 

Sinus  an1iythmia  is  caused  by  the  irregular  onset  of  the  cardiac  impulse, 
and  8how8  itself  in  the  venous  pulse  tracing  by  the  occurrence  at  irregular 
time  intervala  of  the  group  of  waves  which  are  scen  with  each  normal 
cardiac  contraction.  There  is  in  this  condition  no  disturbance  of  the  normal 
relations  of  auricles  and  ventricles,  and  therefore  the  **A''  and  **C'' 
waye8  have  throughout  the  normal  relation  to  one  another. 

Extrasy8toles  or  premature  beats  of  the  auricles  are  indicated  in  the 
venons  tracing  by  the  occasional  occurrence  of  premature  **  A  "  waves, 
which  are  generally  followed  by  **  C  '*  waves  bearing  the  normal  relation  to 
them.  This  tyj>e  of  cardiac  irregularity  results  from  the  premature  con- 
traetion  of  the  auricles,  set  up  by  an  impulse  generated  somewhere  in  the 
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aiiricles  themselves,  before  the  rhytbiiucal  impulse  from  the  sinm  node 
reaches  them.  The  impulse  of  tbis  contraction  is,  as  a  nile,  conducted  to 
the  ventricles  in  the  usual  matrner,  setting  up  also  a  veutricular  contraction 
before  the  regular  tirne  for  it. 

Auricular  Flutter. — The  coudition  known  as  auricular  flutter  is  one 
in  whieb  the  auricles  beat  regularly  at  a  very  rapid  rate,  uBUalIy  abont  three 
bundred  times  per  minute,  while  ventricular  contractions  follow  every 
aecond,  third  or  fourth  auricular  contraction.  The  venous  tracing  w-hich 
signifiea  tbat  auricular  flutter  ia  present  shovvB  a  series  of  rapidly  recnrring 
waves  which  may  be  rather  poorIy  defined,  and  only  every  second,  third, 
or  fourtb  wave  will  be  followed  by  the  waves  of  ventricular  contracti<Hi. 
Tbese  latter  waves  can  be  determined  by  comparing  the  veaous  pulse  tradng 
to  tbe  tracing  from  the  radial  artery. 

Auricular  FJbriUation. — 'When  the  aaricles  go  into  a  state  of  fibrillatiim, 
and  so  fail  to  eontract  aa  a  whole,  their  activity  is  such  that  no  deBnite 
waves  are  produced  in  the  jugiilar  tracing.  Tben  the  "  C  "  and  "  V  "  ure 
preselit  vvithout  the  normally  preceding  "  A  "  wave,  although  a  sUght  un- 
dulation  may  result  from  the  auricular  aetivity.    The  type  of  jugular  tmc- 
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ing  is  spoken  of  as  tbe  ventricular  type  of  venous  pulse.  The  wen-defined 
waves  that  appear  are  unusually  large,  aa  a  rule,  and  occur  at  irregutar  tnter- 
vals.  The  irregularity  of  the  beart  is  also  indicated  by  the  radial  tracii^ 
and  is  charactcrized  as  being  \vithout  nile  or  rhytbm.  It  is  known  as  the 
completL'ly  irregular  pulse  to  whicb  bas  been  given  the  name  puisus  irregu- 
/«m  pcrpetmis.  The  absence  of  tbe  "  A  "  \vave8  and  tbe  complete  irregularity 
of  the  occurrence  of  waves  of  ventricular  aGtivity  serve  to  establish  the 
diagnosis  of  tbe  fre(|uent  and  important  form  of  disturbed  cardiac  action, 
auricular  fibrillation  (Fig.  54). 

Heart-Block. —  The  di^turbances  of  condition  of  tbe  cartUac  impulse 
from  auricles  to  ventricles  vary  in  degree  from  a  mere  delay  to  a  complete 
cessation  of  conduction.  If  tbe  passage  of  the  impulse  is  dclayed  owing  to 
a  lesion  in  the  eonducting  system  between  the  auricles  and  ventricles,  the 
normal  time  inten'al  of  one-fifth  of  a  second  between  tbe  o^set  of  tbe  "  A" 
and  "C"  waves  will  be  lengthened  often  to  0.25  or  0.30  of  a  second.  If  the 
damage  to  the  eonducting  8y8tcm  is  sueh  that  at  times  auricular  impulses 
fail  to  reach  the  ventricles,  "A"  waves  without  tbe  accorapanying  "  C  " 
waves  wili>eppear,  and  the  condition  of  partial  heart-block  ean  be  diagnosed 
from  the  record  (Pig.  55).    Id  thi«  condition  two  "A"  wave8  niay  appear 


PHYSICAL  DIAGNOSIS:    MENSURATION. 


111 


before  eacli  "  C  "  wave,  when  the  so-called  two-to-one  rhythm  is  present, 
or  three  "A"  waves  inBy  be  preseot  before  each  "  G  "  wave,  indicating  that 
oiily  every  third  auricular  beat  aucceeds  in  stimulating  a  ventricular  con- 
traction.  If  a  mild  grade  of  partial  heart-block  is  present,  there  will  be  a 
gradnal  leagtfaening  in  the  A-C  intervaU  until  finally  an  "A"  wave  fails 
to  be  foUowed  by  a  "  C  "  wave.  This  event  is  follovced  by  a  much  shortened 
A-C  interval,  owing  to  the  improvement  in  conduetion  reaulting  from  the 
rest  the  condocting  sistem  has  had.  Then  the  gradual  lengthening  ending 
in  another  "A"  without  a  "  C  "  wave  again  takes  plače. 


trn.  BS.-^utU  hwrt-blo^.    Poljtcr^h  tnoini 


Vhen  there  is  complete  heart-block,  oning  to  a  lack  of  phvsJological 
*""'t?""'*y  between  the  auricles  and  ventricles,  the  "  A  "  waves  of  the  venons 
neord  will  occur  independentlj'  of  the  "  C  "  waves,  and  at  a  much  f aster 
nte  than  the  unii8ually  slow  rate  of  appearance  of  the  "C"  wavea  (Fig.  56). 
Aldt  a  record  is  eharact^ristic  of  complete  heart-block,  and  serves  t<> 
etplain  the  bradycardia  which  results  from  the  .slow  rate  of  contraction 
wluch  the  ventricles  maintain  when  beating  independently  of  the  auricleB, 


Extrasystolea  or  premature  beats  of  the  ventricles  occnr  when  im- 
pnlses  arise  in  the  ventricles  indepeiident]y  of  the  nonnally  descendiiig 
cardiac  impulae.  This  condition,  resulting  from  an  increase  in  the  irritn- 
bility  of  Uie  ventricular  musculature,  raay  be  thought  of  as  "cardiau 
impatience, "  the  ventricles  refusing  to  wait  for  the  normal  impul.se  and 
Koing  into  contraction  prematurely.  These  premature  beats  usually  occur 
vithoat  diflturbing  the  rhythmical  auricular  activity.  The  characteristic 
venoua  pnlse  yielded  by  such  a  disturbance  of  the  heart  showB  a  "C" 
wave  oecnrriiig  without  a  preceding  "A"  wave  which  may  follow  it  and 
fall  with  the  "V"  wave  or  even  after  it.  The  "A"  waveH  continue  to 
oeeor  at  regular  intervala,  and  those  that  fall  near  the  premature  "  G  " 
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wa\~es  ftre  not  foUowed.  as  a  rule,  by  "  C  "  vaves,  as  the  ventricles  fail  to 
respond  on  accomit  of  tbe  contraction  which  tbej  have  just  made.  Follow- 
ing  a  premature  vCDtricular  beat  or  estrasfstole,  tfae  ventricles  remain  in 
diastoie  until  stimulated  by  tbe  auricular  contractiOD  wbich  follovrs  tfaat 
oecurring  just  aftcr  the  premature  ventricular  beat.  As  the  auriealar 
rh>'tfam  is  undisturbed  the  ventricular  rhythm  is  again  reestablished.  This 
faet  g^ves  a  certain  re^ularitj  to  tbe  disturbance  of  rbytfam  caosed  by  pre- 
mature reutricular  beats.  The  shortened  diastoie  preceding  the  premature 
beat.  and  the  lengtbened  diastoie  following  it,  are  tf^ether  eqnal  to  two 
regular  eanliac  cvcles,  as  the  length  of  botb  these  intervala  is  determined 
by  the  regularlv  beating  auricles.  On  this  account  the  venoos  polse  tracing 
and  thearterial  tracingvdll  shovtime  intervalswhich  are  qiute  cbaracteristic 
of  ventricular  premature  beats  or  extni$ystoles,  and  wluch  are  veTy  belpful 
in  tbe  diagnosis  of  this  common  disturbance  of  the  heart-beat.  Premature 
ventricolar  beais  may  occur  occa^onallv  or  very  frequently,  and  at  times 
tbev  follow  e«"?!^'  normal  ventricular  beat  that  oevors.  giving  rise  to  tbe 
bigeminal   pulse,   everv  altenute  ventricular  contracticHi  being   replaced 


by  a  premature  beat.  Thts  tvnditiim  is  rvadilv  revopiiad  bv  the  stitdy  of 
tbe  pt.ilyyraphic  rewi\l     Fiir.  ,^7\ 

Graphi".-  rev-or^ls  of  vin-ulatprj-  »etivitr  are  usefol  in  reeording  tbe 
very  rapid  oantiao  rate  »hioh  v>vurs  in  parvij-^ra  ladtvmrdia.  and  wbieh 
nia>'  1«  di£v*ult  ti>  <.vr,ut  nith  tbe  pali^atlo^  čngvr  Here  tbe  radial  tracing 
slone  suf^^rts.  Thev  are  a'.s»>  iiseful  iu  ^v^vr\iinl^  pulsus  alti^nians.  in  which 
weak  a::d  s;rv!ijr  art^ml  i»ti'sdi:;o:'.s  »'ti-rtute.  Th:s  A^cdition.  «hich  is  indic- 
aiive  •>*  s  j:rav^  '.»sv:;  d  '.hf  •.ii>vva!\l'r.:;i,  aaj-  iriv*  rt«  to  alt^mating  Urge 
am-i  s:t:a!l  «aves  ■■.'.  the  raiiU!  iv>.vr>.i.  *:;d  tii*'  vvnocs  paJs*-  reeord  serves 
:o  d:s::t:,:v.>h  :t  f rv;;«  rhe  ^w:v.;v.ok'  •.•"'■«■  .-»-.jjiNi  >y  vvc:ri-,-cLir eitrasjTrtoIes, 
wb.:-:fc  =uty  -v  nfAvilv  vv:-.fv.s*\i  i«::h  •,'■.;'<■;*  A^vrruei  Tfci*  dutinction  is 
:i  ™p.>r:a"^*^  ov.  ^iavuijt  o^  :>.;■  .:?im:  ^■■■■^re-.^v  ir.  ?rv«ra«wri*  sisaificanoe 
of  rbt-  :»o  iv:v>:: :■.'"'>. 

ThiT  list  of  t''*'  :v'>i£'*''"  rf\-.r,;-v-t  .vf»:v;era>;#  rrs-.-ti.-*,  and  in  the 
haziii*  of  :h?  ■,:"s\-.'v\;  o-  o*'  ;h^-  ■.■•.■■,■*!  x-;;:  ■.•\N'«,*-jir-.  *-^  S*  ^sappmntine. 
An  assis;*'.-.:  -s  of-rj-v.  -..-.^-flaTv  for  •^..  i-t^.-.vt  ■.;■*■.  ^s^vvijO  ^l^  a  iMcinner: 
but  p.frs^!<:'r.o«'  *i;^t  -.'r^oT-.M:  *:''  ~v.*'.>  w;^t  -rs-itrsi  «^x-4t  wUI  w«rrant 
al:  tbe  tiiiv  xud rtvno  »^v\«w>  S'isvx-ws«r>  %<  :■«<■  fwc  :^  t«v|aM[ae. 

The  ElKtn)canliHcnt*>>  ^"^  ni^vh^tN«*.  of  t!hr  <fwv<rw«fdiQfn«ph 
for  th«  purpoftp  i»f  *i»J>i»E  tb*-  oaivtt**-  m^\x<<mv«»  ^t  »mu«  tm  «natlr  «- 
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tended  our  conceptions  of  the  normal  cardiac  f  unctions  and  has  shed  a  clear 
light  on  the  various  disturbances  of  the  heart  action.  The  credit  for  this 
achievement  belongs  to  Einthoven  of  Leyden,  who  described  this  new  instru- 
ment in  1903.  It  wa8  not  until  aboat  1909,  however,  that  several  workers 
began  to  use  the  instrument  and  to  apply  it  as  a  diagnostic  aid  in  elinieal 
medicine.  At  this  tirne  the  first  instrument  was  brought  to  the  United  States 
by  Walter  B.  James  and  operated  by  H.  B.  Williams  and  himself.  During 
the  brief  period  of  less  than  ten  year8  it  has  proved  of  great  value  both  for 
purpoees  of  phy8iologieal  research  and  for  elinieal  study.    The  electroeardio- 
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Fm.  58. — A  dukcrmm  Uluatrmtins  the  development  and  aubsidence  of  activity  (and  nesative)  in  a  aingle 
■tnp.  responding  to  a  Btimulus  applied  at  P.    The  correeponding  and  succemive  phases  of  the  gal« 
curve  are  8hown  in  the  four  lines,  A^  B,  C,  and  D. — (Aftcr  Lewin). 


graph  has  the  disadvantages  of  being  stationarv,  expensive,  and  re(iuirinir 
considerable  training  for  its  proper  operation.  It  is,  theref ore,  largely  of  use 
in  hospitals.  An  understanding  of  the  records  obtained  by  this  instrument  is 
neoe88ary,  however,  to  read  intelligently  much  of  the  recent  literature  dealinjr 
with  eardiae  disease.  In  the  following  discussion  technicalities will  beincluded 
onIy  BO  far  as  necessary  for  an  understanding  of  the  records.  For  a  eom- 
plete  explanation  of  the  eleetroeardiographic  method  speeial  books  and 
papers  on  the  subject  must  be  eonsulted.  (Lewis,  Clinieal  Electroeardi- 
ography.) 

The  string  galvanometer,  that  part  of  the  electrocardiograph  to  which 
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ali  others  are  accessorj^  is  an  instrument  for  measaring  and  recordinjr 
electrieal  eurrents,  and  its  ehief  merits  are  its  capability  of  indieatiu<r 
minute  eleetric  eurrents  and  of  recording  a  rapidly  changing  series  of  eur- 
rents. When  a  current  passes  through  the  very  fine  filament  of  the  instru- 
ment, this  filament  is  deflected  to  one  side  or  the  other,  depending  upon 
whether  the  current  passes  up  or  down  the  filament.  In  making  an  electro- 
cardiogram  the  patient  is  put  in  circuit  with  this  very  delieate  filament, 
which  is  moved  back  and  forth  by  the  series  of  eurrents  which  are  generated 
by  the  contractions  of  the  cardiac  muscle.  It  is  a  well-known  phenomenou 
of  muscular  contraction  that  the  poiut  in  any  muscle  at  which  a  contraction 
starts  has  a  nejrative  electrieal  potential  when  compared  with  the  uncon- 
tracted  part  of  the  muscle.  If  a  conductor,  such  as  a  wire,  is  attached  to 
the  tvvo  ends  of  the  muscle,  a  current  will  pass  from  the  part  which  is  at 
rest  to  the  part  which  has  prone  into  contraction,  and  will  continue  to  pass 
until  the  whole  mitscle  has  gone  into  contraction,  when  the  electrieal  potential 
becomes  again  equalized,  just  as  it  was  when  the  muscle  was  at  rest.  When 
the  part  of  the  muscle  vvhich  first  went  into  contraction  now  relaxes,  a  cur- 
rent \vill  pass  through  the  conductor  in  the  opposite  direction,  because  again 
one  end,  now  the  opposite  end,  of  the  muscle  is  electrically  negative  to  the 
relaxed,  non-contracting  end.  AVhen  relaxation  is  complete  no  more  current 
passes.  These  f acts  are  diagrammatically  sho\vn  by  the  accompanying  figure 
taken  from  Lewis  (Fig.  58). 

A  point  to  be  borne  in  mind  is  that  the  eleetric  eurrents  which  are  gen- 
erated by  the  contractions  of  the  heart  muscle  become  evident  only  when 
a  conducting  svstem  is  led  from  one  point  on  the  bodv-surfaee  to  another 
and  the  recording  apparatus  is  placed  in  the  circuit.  The  conducting  8ystem 
is  so  attached  to  the  bodv  that  one  contact  leads  off  from  the  base  of  the 
heart  while  the  other  leads  off  from  the  apex.  As,  of  course,  the  oontacts 
can  not  be  made  dirertlv  on  the  heart  in  man,  the  bodv  tissues  themselves 
are  used  as  the  conductor  lH*tween  the  heart  and  the  actual  pK)int  of 
contact.  The  two  arnis  and  the  left  lejr  are  used  as  the  points  of  contact,  and 
wires  are  attached  to  these  ]^arts  by  nieans  of  easilv  applied  condnctors. 
In  niakin«r  the  records,  of  course,  but  two  contacts  are  used  at  a  time,  but 
l>v  first  using  the  two  arms,  then  tiie  right  arm  and  left  leg.  and  lastly,  the 
left  arm  and  leir.  the  three  usual  tii^st,  seeond,  and  third  leads  are  obtained. 
Currcnts  pass  back  and  forth  t'n>ni  these  pitints  of  contact  during  each 
cardiac  contraction,  and  so  the  string  of  the  galvanometer  is  moved. 

\Vh»*n  the  heart  is  beating  norinallv  a  current  is  generated.  first  by  the 
contraction  of  the  aurieles,  whieh  causes  a  charaeteristic  deflection  of  the 
string.  then.  after  a  short  pause,  iluring  whieh  tinie  the  impulse  of  contrac- 
tion is  ]mssing  down  fnmi  the  aurieles.  \hv  ventricUs  go  into  contraction,  and 
a  series  of  movements  is  set  up.  The  i«oniplexity  of  these  movements  is 
due  to  the  coniplexity  o(  the  muscular  arraugement  of  the  ventricles  and 
the  ctmiplieated  muscular  etuitraetions  tluit  go  to  make  up  ventricular 
systole.  The  movements  o(  the  string  aiv  rtvonloil  by  tlm>wing  its  shadow 
upon  a  moving  photi>graphic  tUm  or  paper,  the  .shado\v  of  a  time-marker 
being  thrown  upon  the  reiH>riUng  surfaeo  at  the  «imo  tirne.  The  movements 
of  the  string  are  in  this  way  convert^ni  iuto  a  reiH^rd  which  conaista  of  a 
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aeriefl  of  waves.  Tbese  waves  are  usually  flve  in  number,  three  poaitive  and 
two  negative,  designated  arbitrarily  P,  Q,  R,  S,  and  T.  The  P  wave 
represents  the  auricular  contraetion  and  can  be  readily  distinguished  from 
the  Q,  R,  S,  and  T  group  that  represents  the  ventricular  contraetion 
(Pig.  59). 

The  length  of  the  eireuit  from  one  side  of  the  patient'8  body  to  the 
string  galvanometer  and  back  to  the  other  aide  of  the  body  has  practieally 
no  influence  on  the  type  of  reeord  obtained.    For  this  reason  it  is  not  neees- 
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Ho.  S».— Elcclrourdlocrkin  of  >  Dormallir  bratinf  hsrt. 

8ary  to  have  the  patient  near  thf  Ralvauometer,  provided  wire3  can  be  led 
between  the  patient  and  the  instrument. 

The  fact  that  in  the  electrocardiogram  the  reeord  yjelded  by  the  auricu- 
lar activity  can  be  readily  distin^ished  from  the  reeord  of  ventricular  aetiv- 
ity  is  of  groat  importanee.  and  alIows  the  vari<uis  tlistnrbanccs  of  the  heart- 
beat  to  be  identified  with  certainty.  The  form  of  the  reeord  produced  by 
both  auricular  and  ventricular  activity  is  altered  whenpver  the  passage  of 
the  cardiac  impulae  followg  an  abnormal  eourse,  so  that  strikin^r  changes 
in  the  form  of  the  curves  occur  whencver  a  cardiac  impulse  ariseg  in  an 
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abnormal  point  and  so  courseB  over  tbe  beart  along  abnormsL  pathB  or  in  an 
abnormal  direction.  Thus  the  oecurrence  of  a  so-called  ectopie  impuUe  is 
recognized,  vihether  it  arises  in  the  aurieles  or  in  the  ventrides.  Changes 
ia  the  fonn  of  the  ciirve  also  take  plače  wheDever  the  muscle  mass  on  tbe 
two  sides  of  the  heart,  especially  in  the  ventricles,  is  disturbed  by  hyper- 
trophy. 

The  electroeardioeraphic  reeords  obtained  from  the  commoner  forms 
of  deranged  cardiac  mechanisni  will  be  discussed.  Tbey  are  best  claasified 
by  the  various  regioos  of  the  heart  affected,.and  include  the  diaturbances 
of  tbe  (a)  sinus  region,  (b)  the  auricleB,  (c)  the  auricuIo-Tentricular  con- 
ducting  system,  and  (d)  the  ventricles. 

The  diaturbances  in  these  various  pnrts  of  the  heart  niay  be  taken  up 
just  as  the|y  have  been  wheD  the  polygraph  was  under  consideration. 

(a)  The  activity  o£  tbe  sinus  region,  where  the  cardiac  impoLn  ariaca, 
is  not  indicated  in  the  human  electrocardiogram,  so  tbat  any  disturbtnce 
of  impulse  formation  in  tbis  region  is  only  indicated  by  the  irregulari^  it 
wbich  the  normal  auricular  and  ventricular  wave8  appear.     When  the 


diastolie  portions  of  the  eleetrocardiogram  vary  from  beat  to  beat,  ainaa 
arrhytliniia  is  present,  a  condilion  nhieh  is  in  itself  withoat  patfaolt^cal 
signifieance. 

(h)  The  contraction  of  the  aurieles  yields  a  small,  rounded,  charseter- 
iatic,  upward  navc  «'hfn  the  aurieles  are  stimulated  by  an  impulse  from  tbe 
sinus  region.  The  form  of  the  vave  is  quite  ehanged  if  the  impulae  ariaea  ebe- 
where.  If  it  should  arise  near  Ihe  lower  part  of  the  aurieles  Instead  of  in 
the  sinus  region,  it  would  travi-I  ujuvard  instead  of  downward,  and  the 
auricular  musi-ulature  wonId  pats  into  contraction  in  a  direction  opposite 
to  the  normnl.  This  ertopi«  contraction  \vould  yield  a  downwardly  directed 
ivavp  instead  of  an  upwardly  directed  wavo.  This  impulse  reaching  the 
sinus  rcKion  wouId  disturb  the  rhvthm  of  impulse  formation  normativ 
taking  plače  thcrp.  and  an  irrpgularity  of  the  heart  would  result  (Fig.  60). 

Impulsis  mav  arisi'  from  an  ectopie  focns  at  a  very  rapid  rate,  often  at 
almut  two  hundrcd  times  a  minute,  thus  giving  rise  to  taehyeardia  of 
auricular  origin,  such  as  m^curs  in  paroxysmal  tacbycardia.  This  condition 
yields  a  characfcristic  record,  recognized  particularly  by  the  lugh  cardiac 
rate. 

AnothiT  tvpe  of  disturbed  auricular  activity  is  that  known  as  auricular 
flutter,  in  uhich  the  aurieles  contract  ^vith  a  stili  higher  rate,    The anrieular 


PHVSICAL  DIAGNOSIS:    MENSURATION.  117 

rate  may  be  orer  tbree  hundred  per  miDute,  and  when  such  a  rate  is 
attained,  it  is  usuAlly  accompanied  hy  a  varying  degree  of  partial  heart- 
block,  only  every  second  or  third  auricular  contraction  sending  an  impnlse 
to  the  ventricles  (Fig.  61). 

Auricular  fibrillation,  the  most  frequent  t.vpe  of  disturbed  cardiac 
meohanigm  in  patients  with  broken  cardiac  compensation,  is  clearlv  demon- 
strated  by  the  electrocardiogram.    In  this  eondition  the  auricles  no  Innger 
eontract  as  a  whole,  but  the  varicus  muscie  bundles  compoaing  the  auricular  " 
waU8  eontract  and  relax  independentl^  of  one  another,  giving  rise  to  a 


chaotic,  ineessant  activity  in  the  auricles.  This  canscs  the  ventricles  to  eon- 
tract at  irregular  intervals.  and  is  responsible  for  the  abaohitely  irrejrular 
pulse.  Eleetrocardiograms  from  patieuts  with  auricular  fihrillatinn  fail 
to  sbow  the  regularly  reeurring  series  of  "  P  "  wave8  of  auricular  contrac- 
tion which  normally  precede  each  group  of  waveH  of  ventricular  nriirin. 
Instead  there  is  a  series  of  small  irregiilar  wavc8  which  are  seen  in  aH 
parts  of  the  curve  representing  ventricular  diastole.  The  oceurrcuce  of 
tbeae  small  irregular  wave8,  together  with  the  irrejrular  oeeurrence  of  the 
ventricular  gronp  of  waves,  constitutes  Ihe  tvpical  electrocardiogram  of 
aaricalar  fibrillation  (Fig.  62).  The  electrocardiogram  is  the  clearest  and 
moat  deflnite  means  of  recognizing  this  eondition. 
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(c)  DiBtTirbaDcea  of  cooduGtion  of  tbe  cardiae  impnlse  from  auricles 
to  rentricles  are  shovm  by  changes  in  tbe  relation  of  the  auricuUr  and  the 
ventricular  wave8.  If  the  disturbance  is  such  tbat  the  cardiae  impulse 
is  delaved  in  its  passa^  frora  the  aiirieies  to  the  ventrielea,  tbe  interval 
betweeii  the  beginning  of  tbe  "P"  wave  {auricular}  and  the  beginninf; 
of  the  "  Q  "  or  "  R  "  wave  (ventricHlar)  is  lengthened.  Nonnall.v  the  80- 
called  P-R  tirne  is  0.17  Becood  or  less,  and  »henever  it  exceeds  this  tirne 
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These  condltions  are  recognized  at  a  glance  wbeD  aii  electroeardiogram  is 
obtained,  the  "P"  waves  of  auricular  origin  being  readily  difitinguished 
from  the  tali  "R"  waveB  of  ventricular  origin  (Fig.  64),  If  there  is  a 
complete  ph^siological  separation  of  the  two  parts  of  the  heari^  resulting 
in  complete  heart-block,  the  record  8bow6  the  waves  of  auricular  aud  ventric- 
ular ori^n  occurring  quite  indepeudently  of  one  another  and  at  an  eQtirely 
different  rate.  Not  infrequently  the  ventricular  compleses  have  an  abnormal 
form,  probably  indicating  that  the  passage  of  the  cardiac  impulse  from 
its  origin  in  the  basal  portion  of  the  ventricles  is  being  hindered  in  ita  passage 


Fta.  O;— IMivbI  eoDdiiotioD.    BlKtrocardiocnm  ahovinc  pcoLoiiKstioii  of  F-R  tirne  nisrked  in  Ksonds. 

throngh  the  ventricles,  as  the  result  of  the  same  lesion  which  prevents  the 
paaige  of  the  eardiae  impulse  from  auricles  to  ventricles  (Fig.  65). 

(d)  A  very  comnion  form  of  cardiac  irregularity  is  the  result  of  the 
spontaneonB  generation  of  impulses  in  the  veutricles,  which  set  up  premature 
ventrieular  contractions.  Wben  this  occurs  tbe  impulse  traveU  through  the 
heert  in  an  abnormal  direction  and  along  abnormal  patbs.  This  type  of 
cardiac  eontraetion  yields,  theref ore,  an  abnormal  form  of  electroeardiogram 
and  tbe  form  wiU  vary  according  to  point  of  origin  of  the  impulse.  If  it 
arim  is  the  right  ventriele  it  has  a  form  whieh  distinguishes  it  from  au 
impnlM  arising  in  the  left  ventriele.    As  the  cardiac  contractions  oecur  bef  ore 


the  regnlar  tirne,  they  are  epoken  of  as  premature  bcats,  and  as  the  impulses 
arise  in  an  abnormal  point  they  are  known  also  as  ectopic.  The  term  eetopio 
premature  contractions  is  more  deacriptive  than  the  older  and  better-knowu 
term  extraay8toie8.  The  electroeardiogram  demonstrates  not  onIy  the 
presence  of  premature  ectopic  ventricular  beats  but  also  shovra  the  time  rela- 
tions  which  eiist  between  this  type  of  beats  and  the  normal  contractions. 
The  auricular  rhythm  is  not  disturbed,  but  tbe  auricular  eontraetion,  which 
usually  occurs  almost  synchronously  with  the  premature  ectopic  ventricular 
beat,  fails  to  produce  a  ventricular  response,  as  the  refractor?  phase  of  the 
ventridea  haa  not  paBsed  off  when  the  impulse  from  the  auricles  rcaches  it. 
For  thia  reason  there  is  a  pause  in  tbe  ventricular  rhythm,  and  no  contrac- 
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tion  takes  plače  until  the  aext  auricular  eontraction  sends  down  its  impulse 
to  the  ventrides.  The  pause  and  the  unu8ually  short  period  of  diastole 
vvhich  precedes  the  premature  beat  are,  therefore,  of  the  same  duration  as  two 
Dornial  cardiac  cycle8.     Tbis  is  a  poiiit  well  8hown  by  electrocardiograms 


a, — Campletr  heart-block.  ElMlrocardioanm  ehoiviDf  indcpandait  OMiumiee  of  muiicuUc 
iculsr  VHim.  Tbe  veptricubr  portion  dI  the  rccord  hu  ■  di>tiB<itly  ■bnormal  form  »UBtnipc 
M«  of  (hc  pasbace  oi  the  urdiac  impulse  thrQUch  the  veDtrides.    Fnim  e  etuld  viti)  dipbtlicn*. 


and  is  usefiil  iu  niakiii^  a  diagnosis  of  premature  heats  of  ventricular  origin 
whether  this  is  done  by  the  aiisculting  ear,  the  palpating-  finger,  or  by  the 
8tudy  of  electrocardiograms  (Fig.  66). 

The  variationa  in  the  form  of  the  ventricnlar  portion  of  the  electpo- 
cardiogram  are  significant,  and  may  give  Jmportant  Information  regarding 
the  phy8iological  state  of  the  ventricular  musculature.    This  is  e8peciaHy 
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true  when  the  records  of  the  three  iisual  leads  are  compared,  as  tlie  relative 
height  and  direction  of  the  main  wave  of  the  ventriciilar  complexes  in  the 
ibree  leads  are  altered  by  a  relative  inerease  of  the  muscle  mass  in  the  ris;lit 
vtntricle  as  compared  to  that  of  the  left,  \Vheii  the  left  ventriciilar  miiscii- 
lature  predoniinatea,  a  chan);e  in  the  opposite  direetimi  in  the  elettroL^ardio- 
gram  takes  plače.  When  the  main  waves,  "R"  wavt'a,  are  compared  in 
height  in  a  normal  record  (Fig.  59)  it  is  seen  that  they  are  upwardly  direi-ted 
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in  aH  Icada,  that  the  second  lead  is  as  tali  as  the  tirst  and  third  add<-il 
togetber,  and  that  the  first  is  sli{;htly  taller  than  the  third  lead. 

When  there  is  hypertrophy  of  the  riiiht  ventriole  the  first  lead  usnullv 
Khow8  adowDwardly  directed  main  wave,  while  the  third  lead  shoH-s  a  main 
waTe  which  is  taller  than  that  of  the  sernnd  lead,  Tlii.s  relation  of  the  three 
wave8  oecnra  practieallv  exchisively  in  easfs  with  mitral  stenosis  or  eonuenital 
beart  disease,  and  such  a  fioding  iti  fretjuentlv  of  distinct  diagnostit-  vahie 
(Pig.  «7). 
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With  hypertrophy  of  the  left  ventriele  the  main  wave  o£  the  first  lead 
is  tallest,  while  the  main  wave  of  the  second  and  third  leads  inay  be  down- 
wardly  directed  that  of  the  third  lead  alway8  being  deeper  than  that  of  tbe 
second  lead.  The  electrocardiograms  from  patienta  with  arterial  hyperten- 
sion  or  aortic  insuffieiency  usually  show  such  a  relationship  between  the 
main  ventrieular  viavca  of  the  three  leads,  and  the  dej^ree  of  preponderance 
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iif  tho  Ifft  ovpr  th<*  rijrht  voiitrioiilnr  miis«'lf  inass  can  bc  judjred  from  the 
fonuijof  tlif  i'lwtrot-iirdioKraMw  (Kip.  (>S>. 

The  interpretatioii  of  el.ftrot-anlio^raiHs  of  atvpical  form«  present«  a 
problem  whieh  is  as  yel  not  entipi'ly  aolveti,  biit  to  the  experienced  e>-e  many 
abnornial  fomis  of  riH-oniit  ar»>  sii;iiittoant.  Cases  of  damafred  myocardium 
often  vield  refords  in  »hicli  th«  tfiial  ventrieular  wave,  the  '*  T  "  waTe  is 
downwardly  direoted  iii  the  tirat  and  aecond  leada.  Tfaese  cases  nuj  rIso 
yield  vei;}-  small  compl«]««,  indicatiiii;  that  the  eleetrical  potential  generated 
by  the  heart-beat  is  abnortnall/  low.    Th«  atypi<!«l  fonns  of  deetroeaidio- 
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Hraniš  may  be  the  result  of  (lelayed  or  blocked  cardiac  impulses  while  passing 
through  parts  of  the  ventrieles.  TLere  may  be  a  block  in  one  or  the 
other  of  the  branches  of  the  eonducting  system  along  which  the  impulse  is 
<!Onveyed  to  the  ventrieles,  and  when  thia  oeeurs,  a  characteristic  form  of 
electrocardiogram  results,  varj-ing  with  the  position  of  the  block,  Dis- 
torbances  of  conduction  in  the  less  specialized  parts  of  the  ventrieles  niay 
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tir  nntricle*  aloDg  abuonnal  palbi  oi  at  an  abnnrmal  ratc. 

also  be  suspected  from  the  form  of  the  records  (Fi|?.  6d).  The  value  of  the 
electrocardiogram  aa  indicative  of  the  functioual  e£Bciency  of  the  heart  is  not 
aa  yet  deflnitely  establiahed,  but  the  growing  knowledge  of  the  significance  in 
form  of  the  curves  in  the  three  usual  leads  is  brinping  a  closer  correlatioo 
betveen  the  functional  aetivity  of  the  heart  »nd  the  form  of  the  electro- 
cardiogram. 

butmiiiMits  f or  Measurlng  the  Arterlal  Blood-Pressure. — Blood-pres- 
mre  ii  the  force  ezerted  by  the  blood  agaiiut  the  blood-veaael  v«\V  (^aJuen^ 
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pressure)  or  the  force  upon  the  blood  cirrent  lying  in  front  of  it  (end 
pressure).  It  depends  upon  four  separate  factors:  (a)  the  energy  of  the 
heart;  (b)  the  peripheral  resistanee;  (e)  the  ela8ticity  of  the  blood- vessel 
walls ;  (d)  the  volume  of  the  eirculating  blood.  One  or  ali  of  these  factors 
may  vary  under  normal  conditions.  They  may  be  greatly  altered  in  patho- 
logical  States. 

The  Systolie  Pressure  (maximal  pressure)  is  the  highest  point  reached 
in  the  artery  during  the  ventrieular  systole.  The  Diastolic  Pressure  (mini- 
mal  pressure)  is  the  lowest  point  reached  within  the  artery  during  the 
diastole  of  the  ventricle.  It  is  the  peripheral  resistanee  which  the  heart  has 
overcome  and  which  is  maintained  in  the  peripheral  circulation  during 
diastole.  The  Pulse  Pressure  is  determined  by  subtracting  the  minimal 
from  the  niaximal  pressure.  The  average  pressure  during  a  certain  period 
is  called  the  mean  pressure. 

The  Sphvgmomanometer  is  an  instrument  used  to  determine  the  blood- 
pressure.  The  essential  parts  comprise  a  compressing  armlet  having  a 
breadth  of  not  less  than  8  cm.,  non-distensile  connecting  tubes,  an  intlating 
apparatus  and  the  manometer.  Two  types  of  the  last  are  in  general  use, 
the  mercury  manometer  and  the  aneroid  manometer.  The  latter  is  more 
conveniently  portable  but  requires  occasional  adjustment  on  comparison  with 
an  instrument  of  the  former  type.  The  newer  instruments  permit  the 
determination  of  both  the  systolic  and  diastolic  pressure.  The  mechanical 
principle  is  the  indication  by  the  manometer  of  the  pressure  necessary  to 
eause  obliteration  of  the  arterial  pulse.  Clinically  we  measure  the  arterial 
pressure  in  the  brachial  artery,  and  the  venous  pressure  in  the  veins  of  the 
hand  or  at  the  e]bow.  It  is  well  to  adopt  some  method  to  determine  ali  pres- 
sures,  thus  eliminating  error  and  loss  of  time.  Preferably,  the  patient  should 
be  recumbent.  The  right  or  left  arm  may  be  used.  The  muscles  should  be 
relaxed  since  contractions  are  manifest  on  the  manometer.  The  first  esti- 
mation  may  be  found  10  to  20  millimeters  higher  than  subsequent  readings, 
a  variation  probably  due  to  excitement  or  fear  of  pain. 

Repeated  or  control  observations  should  be  made.  In  cases  of  threatened 
(•irculatory  failure  it  is,  at  times,  practically  impossible  to  get  a  dear-cut 
high  or  low  pressure.  The  svstolic  pres.sures  will  vary  from  5  to  15  milli- 
meters even  thon^rh  repeated  estimations  are  made.  These  cases  may,  at; 
times,  sho\v  a  condition  in  which  an  occasional  beat  comes  through  at  a  higher 
levt^l  than  that  at  which  ali  beats  can  be  detected.  The  respiratory  action  is 
ofton  the  causative  factor.  This  sliould  be  noted  thus — high  pressure,  occa- 
sional beat  at  170 ;  aH  other  beats  at  155. 

A  description  of  the  various  instruments  supplied  by  the  dealers  is  not 
deemed  necessary  since  a  complete  explanation  accompanies  each  apparatus. 

The  Palpatory  Method. — The  patient  is  placed  in  the  recumbent  or  sit- 
ting  posture  with  the  muscles  of  the  arm  completely  relaxed,  the  elastic  cuff 
Ls  closely  applied  to  the  bare  arm  above  the  elbow  and  distended  by  the 
means  of  inflating  apparatus  until  the  pulse  can  no  longrer  be  detected  in  the 
radial  artery  by  the  finger  continuously  applied ;  the  pressure  is  now  grad- 
ually  reduced  until  the  pulse  reappears.  The  point  indicated  on  the  mano- 
meter is  the  8y8tolic  pressure.  The  diastolic  pressure  represents  the  greatest 
oscillation  recorded  by  the  manometer,  either  mercurial  or  aneroid,  as  the 
presmire  upcan  the  artery  is  carefully  lowered.    This  procedure  is  probabij 
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the  beet  way  of  deturmiuiug  the  masimal  pressure.  while  the  auscii1tatory 
nirihod  is  sure1y  the  preferable  one  to  ascertain  the  iiiiiiimum  pressure. 

The  Auscultatory  Method. — The  ciiff  is  applied  over  the  brachial  artery, 
Malreafl,v  described  under  the  palpat«ry  method,  and  pressure  in  it  raised 
imtil  Ihf  radial  pnlse  disuppears.  The  beli  oE  a  binaural  stethoscope  is 
pisifd  over  the  arterj-  belDW  the  cufF  without  pressure.  The  air  is  gradualljf 
rtlMsed  and  usnallj'  at  the  moment  the  piilse  is  felt  at  the  wrist  one  will  hear 
a  slight  tone  whieh  corresponds  to  the  maximal  pressure.  As  the  pressure 
1»  furlher  redueed  the  tonea  accompanvinp  the  pulse-beata  ^ov/  louder  and 
sre  sometimes  accompaaied  by  blowing  murmurs.  A  point  of  maximal  in- 
t<'n8it)j'  is  finally  reached,  at  which  junction  the  sounds  Huddenly  become 
(eebler  and  soon  entirely  disappear.  This  junotion  corresponds  to  the 
miuimal  blood- pressure. 

Goodman  and  Howell  have  called  attention  to  the  remarkable  cyele  of 
anditorT,-  phenomena  which  eorrespond  to  the  degrees  of  pressure  as  shown  by 
the  manometer  and  they  have  divided  them  into  five  distinet  phases.  When 
the  pressure  is  normal — 8ystolii'  130  mm.  aud  diastoiie  85  mm. — these  phases 
are  well  defined  and  bear  a  definite  relation  to  the  differenees  between  the 
eitremes  of  pre.ssure.    They  are  as  follow3 : 

1.  A  loud,  elear,  snapping  soiind  ascribed  to  sudden  distention  of  the 
artet>-  by  Ihe  innishintf  blood.  This  sound  is  not  unlike  that  of  the  firat 
sound  of  tile  heart. 

2.  A  series  of  hissinfr  murmurs  are  heard  acc'ompanying  the  firat  pbase 
sound,  dne  to  the  formation  of  "fluid  veins"  as  the  blood  flows  through 
Ihe  constriction  into  the  wider  vessel  beyond. 

3.  These  munnurs  disappear  suddenly  and  a  tone,  usually  mueh  louder 
than  that  of  firat  phase,  is  heard.  It  is  the  sign  of  reestablished  blood  dow 
in  the  artery  oorrespondiog  to  the  disappearance  of  the  "fluid  vein"  due 
totbe  lessening  of  the  pressure  constriction  iipon  the  artery. 

4.  At  the  end  of  the  third  phase  the  sound  auddenly  becomes  muffled 
in  eharacter.     This  point  corresponds  to  the  miuimal  pressure  in  the  flrtery. 

5.  The  fourth  phase  is  very  short  and  at  the  end  of  it  ali  sounds  eease. 
Pachoii's  Sphyginonietric  Oscillometer.— This  instrument,  constructed 

«0  the  aneroid  principle,  Ls  mueh  more  convenient  and  seusitive  and  fully 
asaccurate  as  the  mercurial  dtvices.  In  ardinary  practiee  the  cuff  is  applied 
at  the  UTist.    The  details  of  tlie  teehnie  accompany  eai-h  instrument. 

The  Blood- Pressure  under  N(»-inal  Conditions. — The  average  .systolie 
Miiod-pressure  in  the  healthy  youn2  adult  (20  to  25  years)  when  recumbent 
is  HO  mm. ;  the  diastoiie  65  mm.  and  the  pulse  pressure  35  mm.  The  upper 
and  lowcr  systolic  limits  in  health  are  about  145  mm.  and  80  mm.  respec- 
tively.  The  pressure  in  females  is  about  10  mm.  lower.  The  pressure  after 
fiflv  18  higher,  while  the  pressure  in  infanta  is  about  80  mm.  The  norraal 
presetnre  is  inflnenced  by  physiologieal  conditions.  It  is  higher  vihcn  ereet 
Ihan  when  recumbent,  after  eating:  after  mental  and  physical  exertion 
pro^-iding  they  are  not  earried  to  the  point  of  fatitrue;  the  lattcr  causes  a 
h\i  in  pressure.  Sleep  causes  a  slifiht  fall  in  the  8ys1olic  and  a  marked  fall 
in  Ihe  diastoiie  pressnres. 

The  Blood-Presstire  In  Pathological  States.  High  Blood-Pressure — 
Hyfiertension. — The  hi^host  ivcorded  arterial  presaurcs  \ia.ve  oa^AirceA  m 
mite eompression  ofthe  hrain,  stich  as  is  caiised  by  intracrama\\ieTOOTT\va^ 
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or  fracture  of  ths  baae  of  tbe  akull.  Ghronic  arterial  b^pertension  ooeurs 
iu  casea  of  intracranial  pressure  due  to  meningitia  and  tumor.  Aa  a  general 
rule  persons  who  become  hemiplegic  in  consequence  of  tbrombosis  or 
hemorrhage  have  previouslj',  if  examined,  manifested  sclerosis  of  the  peri- 
pheral  vessels  with  )iypertension.  The  apopleetie  shock  is  attended  witli  tem- 
porary  hypoteiiBion. 

OuRONic  Renai,  Disease. — Permanent  high  pressure  is  a  conspicuous 
phenomenon  in  chronie  iiiterstitial  nephritis.  SjBtolic  pressures  of  200  mm, 
and  more  are  common.  Diastolic  pressures  are  UBually  60  to  80  mm.  lower. 
The  facts  have  great  value  in  diagnosis.  There  are,  liowever,  cases  of  int«r- 
stitial  nephritis  in  which  high  arterial  pressure  does  not  occur.  Tbey  are 
tbose  with  associated  severe  vasting  diseases,  tbosa  in  whieh  there  is  late 
cardiac  insuffieieney,  and  those  that  have  reaehed  the  terminal  stages  of 
the  disease.  In  chkonic  parenchvmatous  nephritis  high  tension  also 
oeeurs,  but  is  by  no  means  so  constant  as  in  the  interstitial  form.  In  amy- 
loid  disease  blood-preasure  is  inconstant,  sometimes  high,  sometimes  sub- 
normal. 

Ub.»;mia. — The  symptom3  of  this  conditioo,  especially  in  its  chronie 
form,  are  associated  with  inereaaed  blood-pressure  and  become  more  marked 
as  the  tension  rises,  less  marked  as  it  falls.  Persistent  lower  tension  has 
followed  improvement  under  treatment.  A 
gradual  fall  has  preceded  death. 

Arteriosci£BOSIS.  —  ■When  the  larger 
superficial  arteries  only  are  involved  the  blood- 
pressure  is  not  markedly  affected.  Arterio- 
sclerotic  processes  generally  involving  the 
analler  vessels  are  accompanied  by  increased 
blood-pressure,  the  systolie  pressure  being  in- 
creased much  more  than  the  diastolic.  There 
is  accordingly  a  high  pulse  pressure.  In  this 
form  of  arteriosclerosia  crises  of  vaaoconstric- 
tion  occur.  Such  vascular  crises  are  met  with 
also  in  tabes  and  chronie  lead  poisoning.  To 
this  group  of  paroxysmBl  constriction  of  the 
vessels  must  be  referred  angina  pectoris, 
angina  abdominis  and  in  termit  ten  t  claudication.  D  urin  g  such  attacks 
patients  nho  ordinarily  8how  hypotenslon  may  register  very  high  arterial 
tension. 

Diseases  op  the  He^vrt. — ^In  primary,  uncoroplicated  cardiac  insuf- 
ficiency  from  mvocardial  changes  high  normal  pressures  appear  to  be  the 
rule.  \Vhen  the  cardiac  insufficiency  is  due  to  failing  compensatory  hyper- 
trophy  in  arteriosclerosis  and  renal  disease,  the  blood-pressure  is  hi^.  As 
the  myocardium  becomes  feebler  the  arterial  tension  falls. 

Valvui^ab  DfSEASE. — lu  sortic  insufBcieney  the  sphygmomanometer, 
to  use  the  worda  of  Janeway,  "gives  a  numerical  value  to  the  well-known 
pulsus  eeler,  which  espresses  perfet'tly  the  meehanical  effect  of  the  lesion 
in  the  sy8temic  arteriaj  eirculation."  The  8j'8toliG  pressures  are  higfa,  the 
diastolic  presanres  low.  In  eombined  aortic  inmffioienc^  and  steaosis  the 
blood-prefiBoie  determination  is  of  value  in  indicatin^  Ota  preponderating 
ksion,  a  hi^  degree  of  stenona  bdng  aeeompanied  br  a  proportionatel; 
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lower  sy8tolic  pressure.    In  associated  aortic  and  mitral  insufiSciency,  the 

degree  of  the  latter  defect  may  be  estimated  by  the  8ystolic  as  compared 

with  the  diastolic  blood-pressure.    In  disease  of  the  aortic  valves  the  systolie 

pressure  is  frequently  variable  in  the  absenee  of  obvious  cause,  while  the 

diastolic  pressure  is  more  constant.    Sphygmomanometric  measurements  are 

of  less  value  in  other  f orms  of  valvular  disease.    In  aortic  ins'  fficiency  there 

is  sometimes  a  great  difference  between  the  maximal  pressure  in  the  arm  and 

that  in  the  leg,  both  being  measured  while  the  patient  is  in  the  recumbent 

posture.    Normally   these  pressures   are  the  same.    Exophthalmic   goitre 

8hows  as  a  rule  normal  pressure  or  hypotension.    The  relatively  infrequent 

cases  with  hypertension  usually  show  complicating  implieation  of  the  heart, 

blood-vessels,  or  kidneys. 

Low  Blood-Pressure — Hypotension. — This  condition  is  present  in  wast- 
ing  diseases  and  cachectic  states,  various  infections  and  toxa?mias,  especially 
when  severe,  profuse  hemorrhage,  coUapse  and  shock,  and  terminal  states — 
agonal  hypotension. 

Chronic  Diseases. — Phthisis  in  its  advanced  stages  and  Addison's 
disease  give  low  pressures.  In  the  early  stages  of  syphilis  when  there  is 
fever  and  the  condition  is  analogous  to  an  acute  infections  process,  there  is 
hjpotension.  Diabetes  is  apparently  without  direct  influence  upon  the 
blood-pressure.  When  associated  with  arteriosclerosis  or  chronic  renal  dis- 
ease it  may  show  hypertension,  and  in  advanced  cases  hypotension  is  common 
in  eonsequence  of  emaciation  and  cardiac  insufficienc>'.  The  secondary  anti?- 
mias  are  attended  by  low  blood-pressures ;  derangements  of  pressure  in 
chlorosis  are  neither  marked  nor  characteristic.  Chronic  bronchitis,  emphy- 
sema  and  asthma  are  f requently  attended  with  high  arterial  tension.  Pleural 
effusions  8how  hypertension  which  falls  upon  aspiration. 

The  Acute  Infectious  Febro-e  Diseases. — The  tvpe  of  this  group, 
iiamely,  enteric  fever,  shows  with  great  constancy  low  pressure.  System- 
atic  observations  at  regular  and  frequent  interv^als  have  shown  that  hypo- 
tension  is  first  apparent  toward  the  end  of  the  first  or  early  in  the  second 
week  and  increases  as  the  attack  goes  on.  The  daily  oscillations  are  not 
significant.  Crile  s  statistics,  quoted  by  Janeway,  are  verj-  suggestive. 
The  mean  pressure  by  weeks  in  aH  cases  was,  first  week,  115  mm.;  second 
week,  106  mm. ;  third  week,  102  mm. ;  fourth  week,  96  mm. ;  and  fif th  week, 
98  mm.  A  gradually  progressive  fall  indicates  increasing  failure  of  vaso- 
motor  tonus;  a  sudden  fall,  actual  coUapse  or  hemorrhage.  A  sharp  rise 
in  pressure  attends  the  occurrence  of  perforation.  These  facts  may  be  of 
8fwat  value  in  the  differential  diagnosis  between  coUapse  from  hemorrhage 
or  other  cause  in  enteric  fever  and  intestinal  perforation.  Continuous 
wcords  are  nece8sary.  In  the  terminal  stage  of  the  consecutive  peritonitis 
l^Tpotension  becomes  extreme — agonal  fall  of  propsure. 

Pneumonia. — Uniform  tendencies  in  blood-pressure  have  not  been 
obfierved.  Subnormal  pressures  are  common;  in  severe  cases  the  rule.  A 
nipid  fall  may  precede  collapse  or  the  fatal  issue.  When  arterial  pressure 
wpre88ed  in  millimeters  of  mercury  does  not  fall  below  the  pulse-rate 
ezpresBed  in  beats  per  minute,  the  fact  may  be  taken  as  of  excellent  augury, 
while  the  converse  is  equally  trne  (Gibson). 

DnoBASES  OP  THE  Nervous  Svstem. — In  locomotor  ataxia  the  light- 
niiiir  pains  are  attended  by  a  fall  in  blood-pressure ;  in  the  gastric  cri^e& 
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the  pressure  is  greatly  increased.  Arteriosclerosis  of  the  cerebral  vesseU 
niav  exist  without  similar  changes  in  the  general  vascular  system  Blood- 
pressure  estimations  are  therefore  without  value  as  indicating  the  exist- 
ence  of  intracranial  vascular  lesions.  When  there  is  reason  to  suspect 
their  presence,  increased  arterial  pressure  due  to  cardiac,  vascular,  or  renal 
causes  affords  important  data  for  prognosis  and  treatment.  With  high 
pressure  there  is  danger  of  hemorrhage,  with  Iow  pressure  danger  of  throm- 
imsis.  Cerebral  hemorrhage  is  attended  by  marked  hypertension  which 
continues  to  rise  as  the  hemorrhage  increases,  and  remains  stationary  or 
falLs  when  the  hemorrhage  ceases.  In  ursemic  coma  the  pressure  is  also 
greatlv  increased. 

In  epilepsif,  owing  to  the  difficultv  of  making  observations  during  the 
attack,  there  is  some  uncertainty.  During  the  attack  there  is  said  to  be 
a  sudden  rise  in  the  blood-pressure,  followed  by  a  rapid  fall  to  normal  as 
the  paroxysm  ceases.  In  coma  following  an  attack  of  general  convulsions 
the  fact  that  in  epilepsv  the  blood-pressure  falls  while  in  ursemia  it  remains 
high  is  of  diagnostic  importance.  In  tic  douloureux  there  is  a  rise  of  pres- 
sure during  the  pain  proportionate  to  the  intensitv  of  the  attack.  Insom- 
nia  mav  be  associated  with  increased  tension  on  the  one  hand  or  normal 
or  diminished  tension  on  the  other.  In  the  former  condition  the  pressure 
falls  during  sleep.  In  hvsteria  and  neurasthenia  the  pressures  are  variable. 
Some  observers  have  observed  high  pressures  in  neurotic  and  excitable 
persons,  but  this  condition  is  not  constant. 

Mental  Diskases. — In  melancholia  the  pressure  is  abnormallv  high 
and  shows  rises  and  falls  corresponding  to  the  intensitv  of  the  mental  svmp- 
toms.    In  nuinia,  on  the  other  hand.  the  pressure  tends  tosubnormal  levels. 

PERCUSSION. 

Peroussion  in  phvsical  diagnosis  is  the  art  of  striking  or  tapping  upon 
the  surfaoe  of  the  IhhIv  in  suoh  a  manner  as  to  call  forth  sounds,  from  the 
nature  of  \vhioh  oi>nclu:?ions  are  drawn  as  to  the  stnicture  of  the  underlv- 
in  s  j>arts. 

Thiji  art  ^^-^t^  tirst  de;?iTilHfvl  and  svstematicallv  emplo^-ed  in  the  latter 
jv.rt  of  the  eischtoenth  ivnturv  by  Auenbruggjer.  a  phvsician  of  Gratz.  who 
puMishcvl  his  ol^j^^^rvations  in  a  little  Ux>k  emitled  In\-entum  Xovum. 
T:-.o  subjtHt  \vHji  \vivioly  brvnistht  to  the  attention  of  the  profession  by 
C'rvi>^rt  iu  t  ho  Ivijiunii^.i:  oi  t  ho  tollo^iusir  centurv. 

Tho  rniotiiv  of  tliis  UH^thiHi  dor.uituis  nuv  tmining  both  of  the  haods 
;v:.  I  osr  iu  orvior  to  ^vur\*  it^  U^ci:  rx^>ul:s.  Carviosi^  and  inexact  methods 
violi  i;ot  oni  v  uiisAti^ita^torv  but  ,*v*.<v*  :\^^i:i\oIy  nu^Ie^idliig  rp^ult£w  It  is 
o-:vxiAHy  :rue  o;  ivr\v;s.Mon  tV.At  t  hov  rlrol  i:  kxxsc  u^ful  who  most 
i>;»!ly  r\\sIi:o  it^  i;r.v;:,sv,ov.s  a^  Ar.  at:  :r.  vliAir.v^^^i?.  VnfortUDatelv  too 
::uir.y  rrHi:::ionors.  o:hor\xis**  >^vll  :rA:;uvI.  :a:I  :o  Ax\;uir^  proficiencv  in 

Xoi:hor  :vr\n;:«2>ion  ixor  au>vuI:a',u*v,  rxs;uirvs  :V  :iix$s«ae!«^>n  of  ii|uch 
tet^himt^i  k:iv>wiovl<^*  of  AvNnu^tu^  va  r  *  v;;::i\;*!^;  v/u^c*:  «r  li  is.  liow- 
^\vr.  noivt!i5S*ry  to  Iv  aW^  to  vii^nivAivftit^  vu*rcv^v>wt  in  the  charmcter, 
in^ensiiv,  aiul  jMioh  of  :«^^utHi$^ 
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The  Theory  of  Percussion. — Reduced  to  its  simplest  terms  the  theory 
ef  percussion  depends  upon  the  differences  in  the  vibrations  produced  by 
blow8  deiivered  upon  structures  which  do  not  and  those  which  do  contain  air, 
and  in  the  iatter  čase  upon  difiFerences  in  the  mechanical  arrangement  under 
which  the  air  is  present.  There  is  nothing  a  priori  in  the  matter.  Our 
whole  knowiedge  in  regard  to  the  signs  elicited  is  the  result  of  observation 
and  experience.  It  has  been  found  that  direct  percussion,  that  is,  percus- 
sion without  the  intervention  of  a  finger  or  other  form  of  pleximeter,  prac- 
tised  upon  the  thigh,  which  does  not  contain  air,  produces  a  minimum  of 
sound  which  has  a  peculiar  quality,  technically  described  as  dull.  The 
interposition  of  a  pleximeter  increases  the  intensity  of  the  sound  and 
slightly  aiters  its  other  acoustic  properties.  From  this  we  infer  that  in 
percussion  the  vibrations  of  the  pleximeter  itself  constitute  a  certain  factor 
in  the  general  result.  It  has  further  been  found  that  percussion  over  the 
Uver  and  spleen,  organs  which  do  not  contain  air,  produces  a  similar  dull 
sound,  but  that  the  quality  of  dulness  is  modified  according  to  the  force 
with  which  the  act  is  performed.  Upon  light  percussion  over  the  spleen 
or  centraUy  over  the  liver  the  dulness  is  much  like  that  of  the  thigh,  but 
upon  powerful  percussion  over  these  organs  the  dull  sound  is  modified, 
the  quality  of  resonance  being  added.  This  fact  in  connection  with  others 
presently  to  be  mentioned  leads  us  to  infer  that  by  light  percussion 
a  limited  region  of  the  wall  of  the  body  is  set  into  vibration,  but  that  the 
area  is  extended  by  forcible  percussion,  so  that  the  sound  produced  partakes 
of  qualities  due  to  the  sound-producing  mechanism  of  adjacent  organs  or 
structures,  and  that  if  we  desire  to  obtain  the  percussion  phenomena  pecu- 
liar to  an  organ  we  must  content  ourselves  with  well-defined  but  light 
percussion  of  the  surface  overlying  the  viscus  immediately  in  question. 
Experience  amply  confirms  this  inference.  It  has  been  further  established 
that  percussion  over  the  distended  bladder  or  a  cyst,  or  any  considerable 
collection  of  fluid,  as  a  serofibrinous  or  purulent  pleural  effusion,  produces 
a  dull  sound,  and  that  there  are  degrees  in  the  dulness  just  as  we  find 
differences  upon  light  and  heavy  percussion  over  the  spleen  and  liver, 
the  sign  having  a  certain  quality  of  resonance  at  some  parts  of  the  border 
or  edge  of  the  eflFusion  and  wholly  lacking  resonance  over  the  mass  or 
base  of  the  efiFusion.  The  recognition  of  these  differences  led  to  the  very 
proper  employment  of  such  terms  as  relatively  dull,  duU,  and  ab8oltUely 
duU  or  ftat.  To  return  to  the  liver  and  the  flatness  upon  light  percus- 
sion and  the  development  of  some  degree  of  resonance  upon  forcible 
percussion  especially  near  the  borders  of  the  dull  area,  we  have  attrib- 
uted  the  Iatter  to  the  vibrations  of  adjacent  organs.  Pursuing  our 
investigations  we  find  that  as  we  proceed  in  lines  upwards  the  sign 
changes  8omewhat  abruptly  from  dull  to  a  distinctly  resonant  sound,  hav- 
ing qualitie8  hereafter  to  be  pointed  out,  which,  with  modifications  of 
inten8ity  and  so  on,  but  not  of  quality,  is  everywhere  present  over  the 
chest  where  the  surface  or  periphery  of  the  lung  comes  into  contact  with 
the  wall.  For  this  reason  the  percussion  sound  elicited  over  the  chest,  and 
having  the  peculiar  resonant  quality  spoken  of,  is  known  as  pulmonary 
iMonance,  or  briefiy  and  technically  as  clear.  Again,  when  we  extend  our 
pereoMon  in  lines  proceeding  downwardB  from  the  liver,  we  pass,  under 
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normal  circumstances,  quite  abruptly,  about  the  margin  of  the  ribs,  to  a 
region  which  vields  upon  percussion  a  note  of  high  resonance  having 
iikewise  peculiar  quaiities  of  its  owny  which,  because  of  its  being  produced 
by  a  mechanism  remoteIy  anaiogous  to  that  of  a  drum,  is  called  iympanitic, 
A  very  important  fact  in  connection  with  these  three  fundamental 
qualities  of  the  signs  elicited  upon  percussion,  namely,  dulness,  deamess, 
and  tym'panyy  is  this,  that  they  are  constantly  related  to  and  dependent 
upon  the  absence  or  presence  of  air  in  the  exaniined  structures  and  upon 
the  mode  of  arrangement  of  the  air  when  it  is  present.  The  constant 
correspondence  between  the  clinical  and  post-mortem  percussion  signs  and 
the  post-mortem  conUitions  justifies  us  in  formulating  the  following  dieta: 
Upon  percussion: 

1.  Airless  viscera  and  hollow  viscera  distended  with  fluid  yield  dulness, 
flatness. 

2.  The  normal  lungs  contained  in  the  chest  under  conditions  of  normal 
tension  yield  a  clear  note. 

3.  Air  contained  in  hollow  mscera,  as  the  intestines,  the  waU8  of  which 
are  not  tense,  yield  tymiMuiltic  resonance. 

These  physical  signs — namely,  clearness,  dulness,  and  tympany — are 
normal.  The  percussion  sound  clearness  as  such  is  always  normal.  It 
cannot  be  elicited  anywhere  save  over  the  chest,  and  there  is  no  condition 
of  structures  other  than  the  lungs  by  which  the  physicai  arrangement 
essential  to  its  production  can  be  brought  about.  With  dulness  and  tym- 
pany  the  čase  is  diflferent.  The  modifications  or  absence  of  clear  or  pul- 
monary  resonance  in  regions  normally  occupied  by  the  lungs  constitute 
morbid  physical  signs.  Dulness  in  regions  normally  clear  or  tympanitic 
and  the  exten8ion  of  dulness  beyond  the  limits  of  airless  viscera  constitute 
morbid  physical  signs,  and  this  statement  is  also  true  of  the  presence  of 
tympany  in  regions  in  which  the  physical  conditions  essential  to  its 
production  do  not  normally  exist. 

The  foregoing  facts  also  warrant  the  following  statements: 
Upon  percussion: 

1.  There  is  no  difference  in  the  physical  signs  by  which  a  distinction  can 
be  mode  hetween  an  airless  viscus  and  a  collection  of  fluid. 

2.  The  signs  do  not  enable  vs  to  determine  the  line  of  coniad  between 
two  airless  viscera  or  an  airless  visciLS  and  a  collection  of  fluid,  ar  between 
coUections  of  fluid  separated  by  a  membrane, 

Percussion  is  the  application  of  an  every-day  art  to  diagnods  in  medi> 
čine.  The  woodsman  taps  with  his  axe  upon  the  tnink  of  a  tree  to  learn 
whether  or  not  it  is  hollow,  the  gauger  upon  the  cask  with  his  mallet  to 
find  the  level  of  the  wine,  and  the  carpenter  with  his  hammer  upon  the 
plastered  wall  to  fix  the  position  of  a  stud  into  which  he  can  drive  his  nail. 

The  Technic  of  Percussion. — The  patient  may  be  examined  in  the 
recumbent,  sitting,  or  erect  posture.  The  outer  clothing  should  be  removed. 
The  air  contained  in  thick  garments  or  in  several  layer8  of  clothing  seri- 
ou8ly  modifies  the  results  of  percussion.  A  single  under-giannent  or  a 
towel  is  preferable  to  the  bare  skin.  The  limbe  shculd  be  qrminetri- 
oally  disposed  and  the  muscles  relaxed.  Errors  may  arise  from  fordble 
percussion  when  the  patient  is  resting  upon  a  feather  bed  or  rmj  dulle 


PHYSICAL  DIAGNOSIS:    PERCUSSION.  131 

mattress.  In  general  terms  much  display  of  energy  on  the  part  of  the 
physician  is  to  be  avoided.  It  not  only  yields  misleading  results  but  it 
also  alarms  and  niay  even  hurt  the  patient. 

Two  methods  are  employed,  immediate  or  direct,  and  mediate  or 
indireot  percussion. 

Immediate  or  Direct  Percussion. — The  blow  is  struck  directly  upon  the 
surface  with  the  palm  of  the  slightly  flexed  hand,  or  upon  the  clavicles  or 
stemum  with  the  tip  of  the  second  or  third  finger,  or  upon  the  abdomen 
with  the  dorsal  surface — nail — of  the  second  finger  flicked  oflF  from  the 
thumb  as  one  flicks  a  crumb.  The  first  two  of  these  methods  were 
originally  employed.    The  last  is  a  modem  refinement. 

With  the  Palm  of  the  Hand, — The  whole  hand  slightly  flexed  or  the 
palmar  surface  of  the  fingers  held  closely  together  may  be  employed.  The 
blow  is  delivered  cliiefly  from  the  wrist,  very  slightly  from  the  elbow,  čare 
being  taken  to  avoid  too  much  force  and  the  over-production  of  noise. 
This  method  is  available  for  a  rapid  preliminary  survey  and  class  demon- 
stration  of  gross  differences  between  the  sides  of  the  chest,  or  the  upper 
and  lower  part  of  one  side,  especially  posteriorly.  It  cannot  often  be 
employed  satisfactorily  in  the  examination  of  the  abdomen.  The  objec- 
tions  to  it  are  that  it  demands  too  much  force  and  that  the  vibrations 
caused  are  too  extensive.    It  lacks  the  nicety  of  good  clinical  work. 

Direct  finger  percussion  over  the  clavicles  and  sternum  is  often  prac- 
tised,  but  is  here  mentioned  onIy  to  condemn  it  as  mostly  inexact,  often 
misleading,  and  at  best  yielding  results  obtained  much  more  satisfactorily 
by  other  methods.  The  results  are  unsati8factory  because  of  the  elasticity 
and  exten8ive  vibrations  of  long  and  flat  bones.  The  resonance  produced  is 
that  of  an  elongated  or  very  large  plexi meter — so-called  bone  or  osteal  reso- 
nance, well  illustrated  upon  percussion,  in  the  same  manner,  of  the  head  with 
the  finger-tip.  As  there  is  no  intracranial  air,  it  is  evident  that  the  reso- 
nance is  due  to  the  vibrations  communicated  by  the  bone  to  the  external  air. 

Direct  Percussion  or  Finger-flicking,  —  In  this  procedure  the  skin 
should  be  bared.  Very  exact  and  satisfactory  results  may  be  obtained, 
especially  in  the  examination  of  circumscribed  regions  in  a  thin-walled 
abdomen.  It  is  by  far  the  most  satisfactory  method  of  mapping  out  the 
limits  of  the  splenic  dulness. 

Mediate  or  Indlrect  Percussion  —  Pleximetry.  —  The  blow  is  delivered 
not  directly  upon  the  surface  of  the  body  but  upon  an  interposed  plate  or 
disk  of  ivory  or  hard  rubber — a  pleximeter,  literally,  measurer  of  the  blow. 
This  instrument  should  be  quite  flat  with  rounded  edges,  about  an  inch 
and  three-quarters  in  length  and  five-eighths  of  an  inch  in  width,  so  that  it 
may  be  closely  applied  to  the  surface  in  the  intercostal  spaces.  There 
should  be  at  each  end  a  little  fiange  or  ear  by  which  it  is  held  in  position. 
The  percussing  instrument  or  hammer  is  called  a  plexor,  and  consists  of  a 
suitable  head  of  soft  rubber,  or  metal  tipped  with  soft  rubber,  and  a  light, 
stiff  handle.  The  plexor  of  Wintrich  has  a  handle  or  shaft  nearly  corre- 
sponding  in  length  to  a  human  hand  from  the  wrist-joint  to  the  first  pha- 
langeal  joint  and  a  head  corresponding  in  length  from  the  last  named  joint 
to  the  tipe  of  the  fingers.  Instrumental  pleximetry  is  much  used  among 
European  phjsicians. 
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FiNGER  Pleximetry — FiNGER  Percussion. — This  method  is  almost 
exclu8iveiy  used  by  American  physicians.  A  finger  of  the  left  hand  is  used 
as  the  pleximetcr  and  the  right  hand  as  the  plexor,  the  fingers  being  flexed 
as  neariy  as  possible  at  a  right  angle  at  the  first  phaiangeal  joint  to  form 
the  head  of  the  hammer,  and  the  hand  from  this  joint  to  the  wrist  forming 
its  handle  or  shaft.  The  blow  is  delivered  from  the  wrist  and  not  from  the 
elbow,  and  the  head  of  the  plexor,  made  up  of  the  last  two  phalanges,  must 
fall  at  a  right  angle  upon  the  dorsum  of  the  middle  or  terminal  phalanx  of 
the  finger  used  as  the  pleximeter,  the  palmar  surface  of  which  is  clo6ely 
applied  to  the  part  examined.  It  is  scarcely  necessary  to  add  that  in  left- 
handed  persons  the  fingers  of  the  right  hand  are  used  as  pleximeter8  and 
the  left  hand  becomes  the  plexor. 

The  advantages  of  finger  percussion  are  (a)  that  the  soft  palmar  under- 
surface  of  the  pleximeter  can  be  closely  applied  to  the  part  to  be  examined 
and  the  danger  of  a  thin  layer  of  air  between  them  wholly  avoided;  (b) 
that  the  finger  used  as  a  pleximeter  is  also  a  palpating  finger  and  receives 
sensory  impressions  concerning  the  firnmess  or  elasticity  of  the  underlying 
part  which  supplement  the  auditory  impressions  caused  by  the  vibrations 
oec^sioned  by  the  blow;  (c)  that  the  pleximeter  is  composed  of  tissues 
oorresponding  in  physical  composition  with  the  wall  of  the  body,  which  it 
protects  from  the  blow  without  the  interposition  of  an  instrument  of  wholly 
different  composition,  and  (d)  that  the  instruments  are  always  at  hand. 

'  Flicking   percussion  may  also  be   intermediate,  a  finger  of   the  left 
hand  being  used  as  the  pleximeter. 

Superficial  and  Deep  Percussion. — These  terms  indicate  in  general 
the  degree  of  force  employed.  In  superficial  percussion  the  blow  is  light 
and  the  vibrations  are  limited  in  extent  and  depth.  This  method  is  essen- 
tial  in  the  study  of  conditions  in  which  the  percussion  signs  involve  limited 
areas,  as  in  the  heart  and  spleen,  or  in  which  we  have  to  deal  with  thin 
wedges  of  tissues  yielding  different  signs  which  overlie  each  other,  as  the 
lung  surrounding  the  cardiac  ventricles,  or  dipping  down  between  the  wall 
of  the  chest  and  the  liver  or  the  wedge-shaped  anterior  lower  border  of  the 
liver  occasionally  seen.  Superficial  percussion  enables  us  to  determine 
the  nature  of  the  structure  immediately  beneath  the  surface,  and  is 
necessary  where,  by  reason  of  the  thinness  and  elasticity  of  the  walls, 
wide  areas  of  tissue  are  set  into  vibration  by  the  blow,  as  in  children 
and  emaciated  persons,  and  in  elderly  persons  whose  costal  cartilages 
have  undergone  calcification.  Only  superficial  percussion  should  be 
employed  in  the  examination  of  the  chest  after  recent  hemorrhage. 

Deep  percussion  excites  vibrations  in  wide  areas  and  to  a  considerable 
depth.  It  is  employed  where  the  chest  walls  are  very  muscular  or  fat  and 
to  ascertain  the  dulness  or  resonance  of  the  deeper  structures,  as  the  actual 
limits  of  cardiac  dulness,  the  upper  border  of  liver  dulness,  pneumonic 
consolidation  not  reaching  to  the  periphery  of  the  lung,  or  a  deepnseated 
aneurism.  In  the  čase  of  a  wedge-shaped  anterior  lower  border  of  the 
liver  superficial  percussion  enables  us  to  demonstrate  the  actti^l  limits 
of  dulness,  while  deep  percussion,  by  acting  upon  the  underlying  iatestine 
t|irough.the  thin  wedgD  of  liver,  yieldB  a  most  misleading  tympaiutiQ 
reeonanoe.  :^       ^l:\ 
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The  following  directions  must  be  carefully  observed: 

1.  Apply  the  second  or  ring  finger  of  the  left  hand  accurately  and 
firinly  but  without  undue  pressure  to  the  surface  to  be  exaini]ied. 

2.  Raise  the  other  fingers  and  palm  from  the  surface  to  avoid  mufiiing 
the  vibrationfi.  The  finger  used  as  the  pleximeter  only  should  at  the 
moment  be  in  contact  with  the  surface. 

3.  Deliver  a  quick^  rebounding  blow,  with  the  tip  of  the  percussing 
finger  or  fingers  perpendicularly  upon  the  finger  used  as  a  pleximeter, 
upon  the  middie  phaianx  or  the  terminal  phalanx  above  the  nail.  The 
quicker  the  rebound  of  the  plexor  the  better  and  more  significant  the  result. 

4.  Let  the  blow  be  delivered  from  the  wrist  held  perfectly  loose  and 
not  from  the  elbow.  The  force  must  be  moderate  and  equal  at  correspond- 
ing  points  upon  the  two  sides  of  the  chest;  lighter  where  the  chest  wall  is 
thin,  as  in  lean  persons  and  in  the  infraclavicular  and  axillary  and  infra- 
axillary  regions,  and  more  forcible  in  the  examination  of  the  back  of  a  very 
muscular  man  or  the  manimary  regions  of  one  who  is  fat. 

5.  The  attitude  of  the  patient  is  important.  It  must  be  easy  and 
unconstrained.  Rigid  and  fixed  positions  are  to  be  avoided.  Muscular 
tension  modifies  percussion  resonance.  The  arms  must  be  symmetrically 
arranged.  In  the  examination  of  the  anterior  surface  of  the  body  let  them 
lie  Ioosely  at  the  sides  in  the  recumbent  posture  or  hang  relaxed  if  the 
patient  is  erect;  in  the  examination  of  the  back  the  patient  should  bend 
forward  and  gently  fold  his  arms.  I  do  not  like  the  hands  to  be  placed 
each  upon  the  opposite  shoulder,  since  it  involves  an  undesirable  degree 
of  muscular  tension;  while  in  the  examination  of  the  lateral  regions  of  the 
chest  the  hands  should  be  placed  together  upon  the  top  of  the  head  with 
the  fingers  lightly  interlocked. 

6.  The  patient  must  breathe  gently  and  regularly.  If  changes  in  the 
percussion  signs  upon  full  held  inspiration  and  forced  expiration  are  to 
be  studied — respiratorv  percussion — give  the  necessary  directions. 

7.  Perform  percussion  systematically  and  in  a  routine  manner,  exam- 
ining  corresponding  parts  upon  the  two  sides  of  the  chest  above  and 
below,  anteriorly,  laterally,  and  posteriorly,  comparing  and  noting  the 
signs  at  each  step  in  the  proceeding.  Comparison  and  contrast  are  essential 
alike  in  percussion  and  auscultation.  It  is  often  useful  to  apply  two  or 
more  fingers  widely  separated  to  the  surface  and  lightly  percuss  one  after 
the  other.  In  this  way  the  border-line  between  dulness  and  clearness  or 
tympany  can  be  defined  and  demonstrated  with  great  exactness. 

8.  Deliver  two  or  three  percussion  strokes  and  then  examine  the  cor- 
responding point  upon  the  opposite  side  in  the  same  manner.  This  ma- 
ncBuvre  may  be  repeated  as  often  as  is  necessary.  Dexterity  and  close 
att-ention  to  the  sounds  render  a  wearisome  prolongation  of  the  exami- 
nation  unnece8sary. 

9.  To  determine  the  borders  of  areas  of  dulness,  clearness,  or  tympany 
percuss  in  parallel  or  radiating  lines  and  note  the  points  in  such  lines  at 
wfaich  the  quality  of  the  percussion  signs  changes.  Repeated  light  per- 
cuflrion  is  often  neces8ary.  These  points  may  be  fixed  by  touches  with  the 
dermatographic  pencil,  which  when  joined  by  a  line  indicate  the  borders 
of  the  areas  studied. 
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Practitioners  gradually  develop  modifications  of  percussion  methods 
to  suit  themselves.  There  are  niany  different  methods,  but  not  every  one 
of  them  is  right.  Those  not  based  upon  a  knowledge  of  the  principles  upon 
which  this  method  of  physical  diagnosis  rests  and  those  which  are  slovenly 
or  careless  are  px)sitively  wrong.  It  is  like  playing  a  musical  instrument. 
Knowledge,  aptitude,  and  training  are  essential,  and  there  are  good  per- 
formers,  px)or  performers,  and  those  who  cannot  play  at  ali. 

Sources  of  error  especially  to  be  avoided  are: 

1.  Failure  to  apply  the  pleximeter  accurately  to  the  surface.  A  thin 
stratum  of  air  modifies  the  result  and  may  render  it  wholly  misleading. 

2.  Applying  the  other  fingers  or  the  palm  of  the  hand  to  the  surface 
in  such  a  manner  as  to  dampen  the  vibrations  and  muffle  the  sound. 

3.  Awkwardness,  sIowness,  and  the  use  of  too  much  force  in  deliver- 
ing  the  bIow.  These  may  aH  be  readily  avoided  if  the  percussion  stroke 
is  from  the  wrist  as  a  centre  of  movement  rather  than  the  elbow. 

4.  A  false  attitude  on  the  part  of  the  patient.  Many  persons  on  being 
examined  assume  rigid  and  fixed  px)stures  with  the  muscles  in  tension  and 
the  arms  in  constrained  px)sitions. 

5.  Too  much  clothing,  and  setting  the  air  contained  in  the  pillow,  bed, 
or  mattress  into  vibration  by  powerful  percussion. 

6.  A  want  of  system  in  conducting  the  examination.  More  errors 
arise  from  carelessness  than  from  ignorance. 

THE  SIONS  ELICITED  UPON   PERCUSSION. 

The  sounds  diflfer  among  themselves,   as  already  seen,  as  follows: 

A.  Quality:    (1)  Clear,  (2)  dull,  and  (3)  tympanitic. 

A  structure  containing  no  air  yields  upx)n  percussion  a  minimum  of 
sound  due  to  vibrations  in  the  surrounding  air  and  is  said  to  be  completely 
dull  or  flat. 

Changes  in  such  a  structure  by  which  it  becomes  air-containing  or  the 
contiguity  of  air-containing  structures  modify  the  percussion  sign,  which 
acquires  resonance,  and  the  dulness  is  no  longer  flat  or  complete,  but  marked, 
and,  as  it  is  a  question  of  degree,  moderate  or  merely  slight  or  relative. 

The  physical  signs  by  which  these  modifications  of  flatness  are  brought 
to  pass  are  (a)  in  the  direction  of  the  conditions  which  underlie  tympany, 
namelv,  collections  of  air  contained  in  spaces  the  walls  of  which  are  not 
too  tense,  as,  for  example,  the  intestines;  and  (b)  in  the  direction  of  the 
arrangement  of  the  air  in  the  lung  under  normal  conditions  which  involve 
a  certain  tension  as  to  the  vesicles  and  as  to  the  whole  lung  within  the 
thorax — clearness. 

The  terms  used  to  designate  (a)  modifications  of  dulness  in  the  direc- 
tion of  tympany  are  slight  tympany,  dull  tympany,  moderate  tympany,and 
tympany. 

Special  modifications  of  tympany  are  cracked-pot  resonance  and 
amphoric  resonance. 

Cracked-pot  Resonance:  the  Cracked-metal  Sound.  —  This  per- 
cussion sign  requires  for  its  development  a  rather  forcible  abrupt  stroke 
while  the  mouth  of  the  patient  is  open.    The  phy8ical  condition  is  an  w- 
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containing  cavity  communicating  freely  with  a  bronchus  and  sufBciently 
near  the  siirface  of  the  chest  to  be  compressed  by  the  sudden  blow.  It 
may  also  be  elicited,  in  the  absence  of  cavity  formation,  in  conditions  in 
which  by  reason  of  yielding  chest  walls  a  certain  amount  of  air  contained 
in  the  lungs  or  in  the  pleural  cavity  is  suddenly  forced  by  strong  percussion 
into  the  large  bronchi.  We  may  encounter  the  cracked-px)t  sound  therefore 
in  infants  not  suffering  from  disease  of  the  lungs,  especially  when  percus- 
sion is  performed  at  the  time  of  the  full  inspiration  of  crying,  in  pleurisy, 
above  the  level  of  an  effusion,  over  lung  relaxed  by  the  pressure  of  a  large 
pericardial  effusion,  sometimes  in  emphysema  and  in  certain  cases  of  pneu- 
mothorax.  This  modification  of  tympanitic  resonance  mav  be  imitated 
by  sharply  percussing  the  cheek  while  the  mouth  is  open  or  by  striking 
the  two  hands  held  together  against  the  knee  in  such  a  way  as  to  cause  a 
sound  like  that  produced  when  coins  are  rattled  in  the  hands.  For  this 
reason  the  cracked-px)t  sound  is  sometimes  called  the  money-jingle  sound. 
This  sound  is  in  many  cases  only  to  be  heard  when  at  the  moment  of  per- 
cussion the  patienfs  open  mouth  is  turned  directly  toward  the  ear  of  the 
physician  or  when  the  patient  holds  the  beli  piece  of  a  double  stethoscope 
just  in  front  of  his  open  mouth.  As  sudden  compression  of  the  cavity  is 
essential  the  blow  must  be  of  some  force  and  as  the  walls  of  such  a  cavity 
are  not  alwa3rs  highly  resilient  the  peculiar  phenomenon  in  question  is  often 
produced  only  upon  the  first  two  or  three  strokes  of  percussion  and  suf- 
ficient  time  must  elapse  for  the  full  redistention  of  the  cavity  before 
the  cracked-px)t  sound  can  again  be  heard. 

Amphoric  or  Metallic  Resonance.  —  This  sign  has  the  quality 
characteristic  of  the  sound  produced  by  percussing  a  large  vessel  with  a 
^ide  mouth — amphora,  a  jar.  It  is  a  ringing  tvmpanitic  sound  and  denotes 
a  cavity  of  considerable  size  with  firm  elastic  walls  which  do  not  vihrate 
in  unison.  The  pitch  varies  with  the  shape  and  size  of  the  cavity  and  the 
degree  of  tension  of  its  walls.  A  closed  cavity  distended  with  air  or  gas 
under  pressure  so  that  its  walls  vihrate  in  unison  yields  dulness  on  percus- 
sion. Amphoric  resonance  frequently  occurs  without  the  cracked-pot 
quality,  but  the  cracked-pot  sound  is  usually  also  amphoric. 

(b)  Modifications  of  dulness  in  the  direction  of  clearness  are  slight 
or  relative  dulness,  impaired  resonance,  clearness. 

But,leaving  dulness  altogether  out  of  the  question,  we  find  that  changes 
in  the  physical  condition  in  the  lung  by  which  the  normal  or  vital  tension 
is  relaxed  frequently  occur.  This  takes  plače,  for  example,  in  congestion, 
in  oedema  and  atelectasis  from  compression,  in  both  of  which  the  residual 
air  is  diminished,  and  the  normal,  clear  or  vesicular  resonance  acquires  the 
tympanitic  quality  to  a  varying  degree — vesiculotympanitic  resonance — 
and  as  the  lesions  upon  which  vesiculotympanitic  resonance  depends 
undergo  resolution  this  sign  is  gradually  replaced  by  the  normal  or  clear 
resonance  again.  These  changes  can  occur  only  in  regions  in  which  we 
normally  find  the  clear  or  vesicular  percussion  resonance,  namely,  over 
the  lungis.  It  has  been  demonstrated  experimentally  that  the  extreme 
distention  of  a  hollow  viscus,  as  a  bladder,  with  air  so  that  its  opposite 
waU0  upon  percussion  do  not  vihrate  independently,  but  as  a  whole,  does 
Awmy  with  the  tympanitic  sound,  and  causes  it  to  be  replaced  by  dulness. 
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B.  Volumc  or  Inten8ity. — This  acoustic  property  is  of  minor  impor* 
tance  in  percussion.  It  depends  upon  the  volume  of  air  contained  in  the 
structures  examined,  the  elasticity  of  the  enclosing  wall8  and  energy  of 
their  vibrations,  and  the  force  of  the  blow.  This  term  has  reference  to  the 
loudness  or  degree  of  sonority  of  percussion  sounds,  which  may  be  on  the 
one  hand  so  great  as  to  obscure  their  value  or  on  the  other  so  faint  as  to 
be  without  any  significance  whatever.  The  duration  of  percussion  sounds 
usually  corresponds  to  their  volume  or  intensity. 

C.  Pitch. — The  distinction  between  sounds  and  musical  toneš  must 
be  borne  in  mind.  In  percussion  we  have  to  do  with  the  former.  Never- 
theless  the  pitch  of  percussion  sounds  is  of  great  importance.  Pitch  indi- 
cates  in  music  the  relative  position  of  notes  upon  the  scale  and  depends 
upon  the  frequency  of  the  vibrations  by  which  toneš  are  produced.  In 
physical  diagnosis  we  find  that  large  air-containing  spaces  with  slight  or 
moderate  tension  yield  percussion  resonance  of  low  pitch,  while  small 
spaces  with  high  tension  yield  resonance  of  higher  pitch,  and  that  the  vibra- 
tions of  the  plexi  meter  upon  the  thigh  or  o  ver  an  airless  viscus  yield  a 
sound  of  slight  intensity  and  high  pitch. 

Percussion  o  ver  the  abdomen  reveals  great  variations  in  the  pitch 
of  sounds  having  the  quality  of  tympany,  as  over  the  stomach  and  large 
and  small  intestines.  These  variations  are  of  some  value,  but  cannot  be 
relied  upon  in  mapping  out  the  positions  of  those  viscera.  They  serve  a 
purpose  in  indicating  the  border-line  between  contiguous  organs,  as  the 
stomach  and  transverse  colon  and  coils  of  intestines  under  different  degrees 
of  tension. 

The  quality  of  a  sound  is  that  property  which  enables  us  to  recognize 
it  whenever  heard  without  seeing  the  mechanism  by  which  it  is  produced, 
as  the  šound  of  a  beli,  a  drum,  and  so  on;  the  volume  or  intensity  of  a 
sound  relates  to  the  energy  and  the  mass  of  the  material  by  which  it  is 
produced,  as,  for  example,  in  great  and  little  bells,  the  sound  of  which  has 
the  same  quality  and  may  have  the  same  pitch  while  differing  greatly  in 
intensity  or  volume;  the  pitch  depends  upon  the  rapidity  of  the  vibrations 
by  which  sound  is  produced,  as  in  the  long  strings  of  the  piano  which  pro- 
duce  low  notes,  and  the  short  strings  which  send  forth  the  high  notes. 

The  Lung  Reflex  (Abrams).  —  It  has  been  observed  that  local 
irritation  of  the  skin  of  the  chest  as  by  cold  or  the  application  of  mustard 
has  been  followed  by  the  evidences  of  a  temporary  circumscribed  emphy- 
sema  of  the  underlving  lung.  These  signs  of  dilatation  of  the  air-vesicles 
have  in  some  instances  been  confirmed  by  X-ray  examination.  Cabot 
has  referred  to  this  observation  in  explanation  of  the  fact,  well  known  to 
teachers  of  physical  diagnosis,  that  the  repeated  demonstration  of  an  area 
of  moderate  dulness,  as,  for  example,  in  incipient  tuberculosis,  is  followed 
by  a  modification  of  the  percussion  sign,  which  graduallj'  becomes  more 
resonant.  The  repeated  percussion  apparently  acts  as  a  local  irritant. 
If  the  consolidation  is  dense  and  extensive  this  change  cannot  occur. 

Respiratory  Percussion. — DifFerences  in  the  sound  are  noied  upon 
quiet  breathing  and  full  held  inspiration.  The  contrast  betweeii  the  two 
sides  of  the  chest  in  slight  consolidation,  as  in  beginning  phthisiB  or  pleural 
thickening^is  thus  accentuated,  the  dulness  upon  the  affected  ade  remam* 
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bg  the  same,  while  the  resonance  upon  the  sound  side  is  increased.  This 
method  is  serviceable  in  determining  the  presence  or  absence  of  slight 
degrees  of  relative  dulness,  especially  in  the  infraclavicular  regions  in 
incipient  pulmonary  tuberculosis. 

Ral|Mitory  Percussion. — As  has  been  pointed  out  in  the  general  con- 
sideration  of  percussion,  palpation  is  an  essential  though  subordinate 
factor  in  finger  percussion,  which  is  gradually  taking  the  plače  of  other 
methods.  Palpatory  percussion  is  a  method  in  which  the  attention  is 
e8peciany  directed  to  the  resistance  and  elasticity  of  the  tissues  over  which 
the  percussion  is  performed.  It  consists  in  the  combined  use  of  palpation 
and  percussion  in  a  modified  form,  and  is  applicable  (a)  to  the  determina- 
tion  of  the  outlines  and  boundaries  of  the  solid  viscera  under  various  con- 
ditions,  but  especially  to  the  study  of  the  deep  dulness  of  the  heart  both 
when  the  lungs  are  normal  and  when  they  are  emphysematous;  (b)  to 
the  examinations  of  solid  organs  of  limited  size  surrounded  by  air-contain- 
ing  and  resonant  structures,  as  the  spleen,  and  particularly  when  there  is 
tympanitic  distention  of  the  abdomen;  and  (c)  to  the  recognition  of  the 
extent  and  the  horizontal  levels  of  fluid  exudates  in  the  abdominal  and  tho- 
racic  cavities  in  dififerent  postures.  The  physical  signs  depend  to  a  greater 
extent  upon  the  sensation  of  resistance  imparted  to  the  percussion  finger 
than  upon  the  character  of  the  sounds  perceived,  though  both  ha  ve  value. 
Various  methods  have  been  described.  Delicacy  of  touch,  a  light  stroke, 
and  a  lingering  rather  than  a  momentary  contact  with  the  surface  under 
examination  are  essential  to  success  in  ali  of  them. 

The  direct  methods  of  palpatory  percussion  are: 

1.  That  op  the  Writer.  —  This  consists  in  flicking  the  surface 
with  the  nail  of  the  middle  finger  in  the  manner  described  under  the 
caption  direct  or  immediate  percussion.  This  method  is  painless  to  the 
patient  and  yields  very  accurate  results.  The  nail  should  strike  the  surface 
percussed  flatly  and  linger  for  an  instant. 

2.  Maouire's  Method. — The  palmar  cushion  of  the  tip  of  one  finger 
is  employed  as  the  plexor.  The  stroke  is  not  short  and  quick  but  prolonged 
and  combined  with  a  certain  movement  of  pressure  or  palpation. 

3.  Method  op  Hein. — The  first  and  middle  fingers  are  employed, 
the  tip  of  one  resting  upon  the  surface  while  the  other,  used  as  a  plexor, 
delivers  a  light  tap  upx)n  the  adjacent  surface,  palpation  and  percussion 
being  literally  performed  at  the  same  time.  The  fingers  are  alternatelv 
used  and  the  whole  surface  is  gradually  examined.  Very  accurate  results 
may  be  obtained  by  this  method. 

The  lndh'ect  Methods  Are :  1.  The  finger  used  as  a  plexi meter  is 
struck  lightly  with  the  fingers  of  the  other  hand,  which  are  slightly  flexed 
in  guch  a  manner  that  the  blow  is  delivered  by  the  pulps  rather  than  the 
extreme  tips.  The  stroke  is  not  sharp  and  rebounding,  but  prolonged 
and  pushing,  the  so-called  palpating  stroke,  and  the  percussing  fingers 
remain  a  moment  upon  the  plexor  finger  before  the  blow  is  repeated. 

2.  That  of  Ebstein.  A  glass  pleximeter  4  centimetres  in  length  and 
1.3  centimetres  in  width,  with  a  projecting  bar  1.5  centimetres  in  height 
is  used.  This  is  held  firmly  in  plače  while  the  finger  held  as  in  ordinary 
finger  pereimion  delivers  a  gentle  but  pushing  or  pressing  percussion  stroke 
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upon  the  flat  upper  surface  of  the  bar.  The  pleximeter  devised  by  Sansom 
consists  of  a  slender  rod  of  square  section  having  at  one  end  attached  at 
right  angles  a  thin  plate  and  at  the  other  end  a  similar  plate  parallel  to 
the  first.  The  measurements  are  about  the  same  as  those  of  the  glass 
pleximeter  of  Ebstein,  but  ali  the  parts  are  made  of  hard  rubber.  In  use 
the  larger  plate  is  applied  to  the  surface  of  the  chest  and  held  in  position 
by  the  tips  of  two  fingers,  one  on  each  side  of  the  rod.  Percussion  is  then 
made  upon  the  upper  plate,  the  finger  of  the  other  hand  being  emploved 
as  a  plexor.  Greater  attention  is  paid  to  the  vibrations  perceived  by  the 
fingers  than  to  the  sound.  This  special  pleximeter  enables  the  observer 
who  has  acquired  skill  in  its  use  to  recognize  slight  modifications  of  the 
vibrations  produced  by  percussion  and  to  map  out  more  closely  than  by 
other  methods;  but  not  absolutely,  the  limits  of  the  deep  dulness  of  the 
heart  and  the  great  vessels. 

Auscultatory  Percussion. — ^The  binaural  stethoscope  is  applied  to  the 
surface  of  an  organ,  as  the  heart,  liver,  stomach,  etc.,  and  held  in  plače  by 
an  assistant  or  the  patient  himself .  Using  finger  pleximetry  with  very  light 
strokes,  percussion  is  performed  in  radiating  lines  toward8  or  away  from  the 
stethoscope  as  a  centre.  Direct  percussion  with  the  finger-tips  niay  be  em- 
ployed  in  čase  the  observer  himself  is  obliged  to  use  one  hand  to  hold  the 
stethoscope  in  plače,  or  a  light  stroking  touch  or  scratching  of  the  skin  will 
serve  the  purpooe.  A  stiff  brush  or  the  handle  of  a  large  tuning-fork  in  vibra- 
tion  may  be  used  for  this  purpose.  The  sounds  are  greatly  intensified  and 
changes  in  their  quality,  volume,  and  pitch  are  readily  appreciated.  Of 
especial  importancc  are  the  abrupt  changes  that  take  plače  as  the  line  of 
percussion  passes  over  the  border  of  the  organ  over  which  the  stethoscope 
is  placed.  The  points  at  which  the  change  occurs  being  marked  and  these 
points  being  joined  by  lines,  an  approximate  outline  of  the  organ  is  obtained. 
The  observation  must  be  controlled  and  errors  eliminated  by  percussing  in 
segments  of  widening  circles  and  by  the  employment  of  the  ordinary  methods 
of  percussion.  This  method  is  much  more  useful  in  the  examination  of  the 
abdominal  than  of  the  thoracic  viscera.  It  should  be  acquired  by  every 
študent. 

Percussion  Signs  in  the  Chest. 

THB  EXAMINATION  OP  THB  NORMAL  CHEST  BY   PERCUSSION. 

Pulmonary  Resonance. — The  sounds  elicited  vary  in  different  regions. 
The  anterior  and  lateral  surfaces  are  more  resonant  than  the  posterior 
by  reason  of  the  greater  thickness  of  the  walls  of  the  last.  The  resonance 
in  the  former  is  known  as  normaL  pulmonary,or  vesicular.  The  portion  of 
the  apex  of  the  lung  above  the  clavicle  vields  a  sound  which  acquire8  the 
tvmpanitic  quality — vesiculotvmpanitic — as  the  trachea  is  approached. 
Some  difficultv  in  the  application  of  the  finger  or  pleximeter  renders 
percussion  less  satisfactorv  in  this  region  than  in  other  parts  of  the  chest. 
Over  the  clavicle  the  sound  has  the  peculiar  quality  kiiown  as  osteal  reso- 
nance; is  dull  towards  the  scapular  extremity  and  aeqQiraB  a  di8iinctly 
tympanitic  quality  with  hdghtened  pitch  at  its  stemal  end  of  the  bone. 
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In  the  infraclavicular  region,  that  is,  as  far  downward  as  the  fourth 
rib,  the  piilmonary  or  vesicular  resonance  is  characteristic.  There  is  usually, 
however,  a  slight  disparity  in  the  two  sides,  the  sound  of  the  right  being 
8omewhat  less  resonant,  shorter  in  duration,  and  of  higher  pitch  than  the 
left.  The  recognition  of  this  fact  is  of  cardinal  importance.  From  the 
fourth  rib  downwards  on  the  right  side  the  resonance  upx)n  strong  per- 
cussion  is  slightly  diminished,  owing  to  the  presence  of  the  dome  of 
the  right  lobe  of  the  H  ver.  About  the  sixth  rib  the  pulmonary  reso- 
nance ceases.  During  full  inspiration  the  liver  is  pushed  downwards 
to  the  extent  of  an  inch  or  more  and  the  line  of  dulness  is  depressed 
to  a  correspx)nding  degree. 

On  the  left  side  the  vesicular  resonance  is  impaired  by  the  presence 
of  the  heart  between  the  fourth  and  sixth  ribs  and  to  the  left  as  far  as  the 
inaniillary  or  midclavicular  line.  The  extent  of  this  area  is  diminished 
under  any  conditions  in  which  a  larger  wedge  of  the  border  of  the  lung  is 
interposed  between  the  wall  of  the  chest  and  the  heart,  as  upon  deep 
inspiration  and  in  those  who  have  deep  chests  and  voluminous  lungs.  At 
the  base  anteriorly  the  clear  resonance  passes  into  the  tympanitic  reso- 
nance of  the  fundus  of  the  stomach — Traube's  seniilunar  space;  laterally 
into  the  dulness  of  the  spleen. 

In  the  lateral  regions,  axillary  and  infra-axillary,  percussion  yields 
vesicular  resonance  modified  in  the  direction  of  higher  pitch  and  dimin- 
ished intensity  towards  the  base  of  the  chest  by  the  presence  of  the  liver 
on  the  right  and  the  spleen  on  the  left  side. 

Posteriorly  the  sound  varies  markedly  according  to  the  region  per- 
cussed.  The  greater  thickness  of  the  muscles  and  the  presence  of  the  scap- 
ul»  are  to  be  considered.  The  resonance  is  everywhere  diminished  as 
compared  with  the  anterior  and  lateral  regions.  It  has  the  quality  of 
clearness  but  is  muffled  and  merges  into  dulness  over  the  scapula).  The 
percussion  sound  is  clear  over  the  apices  but  usually  slightly  less  so  on 
the  right  side  than  on  the  left;  and  in  the  interscapular  regions,  which  are 
widened  when  the  patient  bends  forward  and  folds  his  arms.  It  is  also 
clear  from  the  angle  of  the  scapula  on  each  side  to  the  base  of  the  chest, 
namely,  about  the  level  of  the  tenth  rib,  where  on  the  right  side  the  liver 
dulness  begins.  On  the  left  side  the  clear  percussion  sound  may  be  found 
a  little  lower  than  upon  the  right;  while  the  resonance  upon  deep  percus- 
sion is  8omewhat  diminished  on  the  right  by  the  convexity  of  the  liver 
and  on  the  left  to  a  less  extent  by  the  spleen. 

In  children  and  emaciated  persons  the  resonance  in  the  back  is  often 
very  good  and  percussion  vields  results  scarcely  less  satisfactory  than  in 
the  front  of  the  chest. 

Normal  Tym|>anitic  Areas  in  the  Chest. — These  are  at  the  sternal 
ends  of  the  clavicles,  over  the  manubrium  sterni  and  at  the  left  base  anteri- 
orly.  The  first  and  second  of  these  regions  owe  their  tympanitic  resonance 
to  the  proximity  of  the  trachea  and  main  bronchi  and  their  osteal  quality 
to  the  large  proportion  of  bone  entering  into  the  wall  of  the  chest.  In 
elderiy  persons  with  calcification  of  the  costal  cartilages  this  osteal  quality 
is  widdy  preeent  and  when  combined  with  tympany  as  is  often  the  čase 
greatly  impairs  the  value  of  the  percussion  signs. 
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Percusaion  directly  over  the  trachea  at  the  epistemal  notch  and  that 
over  the  larynx,  i.e.,  over  the  plates  of  the  thyroid  cartilage,  yielda  amphoric 
resonance.  The  normal  tynipany  at  the  left  base  anteriorly  is  due  to 
the  presence  of  the  fundus  of  the  stomach  wheD  distended  witb  air  and 
the  adjacent  transverse  colon.  The  curved  upper  border  of  this  space,  the 
convexity  of  which  corresponda  with  the  convexity  of  the  diaphragm,  is  of 
special  diagnostic  value.  The  degree  of  distention  of  the  stomach  increasefl 
this  curve,  whicb  is  flattened 
or  may  even  become  concave 
in  large  left-sided  pleurai  eflu- 
Bions.  Traube'B  semilunar 
space  is  bounded  to  the  right 
by  the  left  lobe  of  the  liver 
— dull;  above  by  the  lung — 
clear;  to  the  left  by  the  spleen 
— dull  upon  light  percussion 
and  is  itself  tympanitic,  the 
tympany  being  continuous 
with  that  of  the  stomach  and 
transverse  colon.  It  often 
requires  niče  work  in  percus- 
sion to  map  out  the  border- 
line  between  the  clear  vesic- 
ular  resonance  vhich  forms 
the  upward  limit  of  this  space 
and  the  tympanitic  resonance 
of  the  space  itself. 

Dull  Areas  In  tbe  Nor- 
mal Chest. — These  are  found 
to  coTrespond  to  the  scapulfe 
witb  their  large  muscular 
masses  in  the  chest  wall,  the 
liver  and  spleen  reaching  up 
into  the  chest  in  the  vault  of 
the  diaphragm  and  the  heart  within  the  chest  itself.  The  scapular  dul- 
nes3  has  already  been  described.  The  liver  dulnees  extend8  in  the  right 
midcla\'icular  line  from  about  the  sixth  rib  to  the  border  of  the  ribs  and 
shifts  downwards  an  inch  or  more  on  full  inspiration;  the  dulness  of  the 
left  lobe  is  continuous  vertically  with  the  cardiac  dulness,  from  which  it 
cannot  be  distinguished  by  ordinary  percussion,  although  the  border-line 
between  them  is  sufficientlv  indicated  for  chnical  purposee  by  the  upper 
border  of  liver  dulness  on  Ihe  right  side  and  the  position  of  the  cardiac 
impulse  on  the  left.  In  doubtful  cases  au3Cultatory  percussion  niay  be 
employed.  The  heart  rests  upon  the  central  tendon  of  the  diaphragm  and 
the  upper  curvature  of  the  liver  fits  into  the  vault  of  the  diaphragm. 

The  area  of  the  splenic  dulness  extendB  from  the  upper  border  of  the 
nintb  to  the  lowcr  border  of  the  eleventh  rib  and  from  a  point  Blightly 
anterior  to  the  niidaxillary  line  backward  towards  the  spine.  It  vuiea 
norinally  with  the  phy8iolo^cal  changes  in  the  sim  of  the  orgiui. 
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Cardiflc  Diilness. — The  cardiac  dulness  is  divided  into  the  superficial 
and  the  deep. 

Superficial. — ^The  superficial  cardiac  dulness  corresponds  to  that 
part  of  the  organ  constituted  by  the  anterior  surface  of  the  right  ventricle, 
which  uncovered  by  lung  lies  in  relation  with  the  chest  wall.  It  begins 
above  about  the  level  of  the  fourth  costal  cartilage  and  extends  to  the  apex, 
being  bounded  below  by  the  dulness  of  the  left  lobe  of  the  liver  ^nd  on  the 
right  by  the  resonance  of  the  anterior  border  of  the  right  lung  at  the  middle 
line.  This  irregularly  quadrilateral  area  varies  in  size  according  to  the 
expansion  of  the  borders  of  the  lungs,  especially  the  left.  It  is  smaller 
upon  inspiration  than  upon  expiration  and  in  active  individuals  with  volu- 
minous  lungs  than  in  sedentary  persons  with  small  and  narrow  chests.  It 
yields  upon  superficial  percussion  a  flat  and  upx)n  deep  percussion  a  dull  note. 

Deep. — The.  deep  cardiac  dulness  corresponds  to  the  borders  of  the 
heart  itaelf  beneath  the  overlapping  margins  of  the  lung  and  extends  beyond 
the  area  of  superficial  dulness.  Upx)n  deep  percussion  over  this  area  the 
note  is  dull,  but  the  rounded  receding  surface  of  the  heart  rehders  a  liter- 
ally  exact  determination  of  its  limits  impracticable.  Even  the  most  skilful 
percussion  yields  only  approximate  results.  The  difficulties  in  determin- 
ing  the  upper  and  right  border  of  the  heart  by  percussion  are  increased 
by  the  fact  that  the  organ  is  covered  in  those  regions  not  only  by  the 
borders  of  the  lung  but  also  by  the  sternum,  which  modifies  to  a  high  degree 
the  percussion  sound  of  the  structures  underlying  it. 

Enlargement  of  the  heart  gives  rise  to  increase  in  the  diameters  of 
both  these  areas,  the  deep  area  of  cardiac  dulness  being  increased  by  the 
enlargement  of  the  heart  itself;  the  superficial  area  by  the  pushing  aside 
of  the  margins  of  the  lungs.  The  determination  of  the  superficial  area  of 
cardiac  dulness  is  a  relatively  easy  matter,  but  the  knowledge  thus  obtained 
relates  rather  to  the  px)sition  of  the  margins  of  the  lungs  than  to  the  size 
of  the  heart;  the  determination  of  the  deep  area  in  so  far  as  it  is  practica- 
ble  would  indicate  the  actual  size  of  the  heart,  but  the  difficulties  in  reach- 
ing  exact  data  are  in  many  cases  insuperable.  For  these  reasons  we  cannot 
regard  percussion  as  the  best  method  of  ascertaining  the  size  of  the  heart. 
It  has  a  value  as  a  control  method,  but  the  position  of  the  apex-beat,  as 
determined  by  inspection,  palpation,  or  auscultation,  and  the  extent  of  the 
impulse,  with  associated  clinical  phenomena,  constitute  diagnostic  criteria 
at  once  more  convenient  of  application  and  far  more  precise. 

The  resonance  of  the  normal  chest  is  modified  within  narrow  limits 
by  a  variety  of  conditions,  among  the  more  impx)rtant  of  which  are  the 
foIIowing: 

1.  Chaflge  of  Posture. — In  the  lateral  decubitus  the  resonance  of  the 
Iower  lung  is  8lightly  less  than  that  of  the  upper  by  reason  of  the  greater 
amount  of  air  in  the  latter.  On  exchanging  the  recumbent  for  the  erect 
posture  the  pitch  of  the  percussion  sound  is  raised  (Da  Gosta).  If  the 
patient  tums  upon  the  left  side,  the  heart,  under  the  influence  of  gravity, 
8wingB  outward8  towards  the  left  axilla,  with  a  corresponding  change  in 
the  porition  of  the  apex  and  the  cardiac  dulness. 

2.  Re^piritioii. — The  general  resonance  of  the  chest  is  greater  upon 
fttU  beld  ii¥Viration  than  on  quiet  breathing  simply  because  of  the  increaisNi 
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of  air  within  its  cavity.  This  increase  of  resonance  may  be  noted  on  quiet 
reepiration  after  great  muscular  exertion,  which  is  accompanied  by  a 
temporary  physiological  distention  of  the  vesicular  structure  of  the  Iiings. 

The  increase  in  the  volume  of  the  lungs  upon  full  inspiration  not  only 
augments  the  resonance  but  also  extends  its  borders  in  certain  directions, 
e8pecially  over  the  heart  so  that  the  superficial  area  of  cardiac  dnlness  is 
diminished,  and  at  the  base  of  the  chest  so  that  the  liver  and  spleen  are 
carried  downwards  with  the  descending  diaphragm,  and  areas  at  the  base, 
dull  on  expiration  or  quiet  breathing,  yield  a  clear  note.  This  re8piratory 
excursus  of  the  lower  margin  of  the  lungs  is  obeerved  po6teiiorly  as  weU 
as  anteriorlv,  but  not  to  the  same  extent.  It  varies  in  different  individuals 
in  health  just  as  the  inspiratory  expansion  varies  and  is  diminished  by  the 
presenoe  of  pleural  adhesions. 

3.  Oateoom  DMaatkMi  off  the  Stammdk  mmd  Colos. — ^This  condition  may 
displace  the  upper  crescentic  convexity  of  Traube'8  half-moon-shaped 
space  and  cause  tympanitic  resonance  in  the  lower  part  of  the  left  chest 
or  impart  a  tympanitic  quality  to  the  vesicular  resonance — ^vesiculo- 
tympanitic  resonance.  It  may  also  to  some  extent  displace  the  diaphragm 
upwards.  thus  causing  the  Iower  margins  of  the  lungs  to  assume  a  podtion 
slightly  higher  than  normal  with  a  corresponding  upward  displacement 
of  the  limit  of  pulmonanr  resonance. 

Afe. — In  children  the  lungs  are  relativdy  small  and  the  dull  areas 
of  the  heart  and  liver  correspondin^y  greater.  In  old  age  the  borders  of 
the  lungs  are  usuaUy  emphvsematous,  even  in  persons  othenrise  in  normal 
condition.  Hence  the  area  of  superficial  cardiac  dulness  is  encroached 
upon  and  the  upper  border  of  liver  dulness  is  slightly  lower  than  at  earlier 
periods  of  life.  Under  this  circumstance  the  vesicular  resonance  acquire8 
a  faintlv  tvmpanitic  quality. 

Tlie  CMdHiM  off  tte  Chest  WaU.— The  ob\*iou8  part  in  this  respect 
piaved  by  great  muscular  de\'elopmenl  and  obesitv  bas  already  been 
spoken  of .  There  are  persons  in  whom  pemiSBion  on  aceount  of  these 
obstades  vields  negative  results.  (Edema  of  the  chest  waU  is  also  an 
important  obstade.  Highlv  de\*eloped  mammy  likeirise  int^ere  with  the 
application  of  ttus  method  of  examination:  so  also  do  the  tendemess  of 
inflammation  of  the  chest  wall  and  hvpersKlhesia. 

PERCUSSION   IN  DISEA5E  OF  THE  THORAOC  OIKIANS. 

IVrcu^i^on  in  the  different  regions  of  the  norma!  tliormx  yields  (1) 
^Tsicular  rMaonance,  the  sign  of  normal  lung  tiasue  under  normal  intra- 
thomcic  tension:  v*)  diminished  nhA>nance  or  dulness  over  the  scapuls 
and  the  area  of  deep  cardiac  dulnee^:  ^3>  ahsence  of  resonance  Of  Httjnfrm 
over  the  lom^r  rihs  on  the  right  side  antmoriv;  (4)  Tosknlotjrmpanitic 
resonance  toward$  the  base  of  the  ch(«t  anteiiortv  on  tlie  left;  (5)  tym- 
pamtic  resonance  over  Trauhe  s  semi^pac^  and  over  the  mannbriiim  and 
tlie  slemal  ends  of  the  cia\icles:  tA>  am|4Hvric  n«M«anee  over  the  tnehea 
and  cracked-pol  monanee  aometiniM  in  the  trvii^  inboit.  WUe  thne 
eonnds  are  normal  wImi  obtnined  in  llie  pnitkniar  reiionn  eff  tte  diest 
nbove  indknied.  tliey  becoii  abnormai  w  nmlnd  lipin  in  mlvr 
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Thus  veacular  resonance  in  the  area  of  superficial  cardiac  dulness  niay 
indicate  dextrocardia  or  some  other  form  of  malposition  of  the  heart; 
diminisbed  resonance  or  dulness  in  the  infraclavicular  or  mammary  regions 
maj  be  significant  of  tuberculous  infiltration  or  at  the  bases  of  broncho- 
pneumonia;  absence  of  resonance  or  flatness  over  a  large  area  on  either 
side  which  is  normally  clear  denotes  pleural  effusion,  a  tumor,  or  some  other 
airless  condition;  vesiculotympanitic  resonance  is  the  sign  of  a  moderate 
degree  of  atelectasis  due  to  compression  of  the  lung  and  of  emphysema; 
when  of  high  degree  it  constitutes  the  percussion  sign  known  as  skodaie 
resonance;  tympanitic  resonance  elsewhere  than  normal  is  the  sign  of  a 
cavity,  pneumothorax,  or  pneumopericardium;  and  amphoric  resonance 
save  over  the  trachea  and  the  cracked-pot  sound  except  in  crying  children 
must  in  ali  instances  be  looked  upx)n  as  pathological  conditions. 

The  changes  which  modify  the  normal  resonance  affect  (a)  the  borders 
of  the  lungs;  (b)  the  structure  and  tension  of  thelungs,  and  (c)  adjacent 
organs.    They  may  be  general,  unilateral,  or  local. 

Changes  in  the  Relation  of  the  Borders  of  the  Lung  to  the  Wall 
of  the  Thorax. 

The  Apices. — The  lungs  normally  reach  about  an  inch  and  a  half  to 
two  inches  above  the  clavicles,  the  right  apex  being  usually  somewhat 
higher  than  the  left.  Normal  pulmonary  resonance  is  obtained  therefore 
in  both  retroclavicular  spaces.  If  absent  in  one  or  both  and  especially 
when  replaced  by  dulness  there  is  consolidation  and  retraction  of  the  apex 
or  apices.  This  sign  is  significant  of  tuberculous  disease,  fibroid  phthisis,  or 
local  adhesive  pleurisy.  It  is  often  stated  that  bulging  of  the  retroclavicular 
space  with  tympanitic  resonance  occurs  in  emphysema.  This  is  not  always 
true.  Owing  to  the  skeletal  changes  in  the  thorax  in  emphysema  of  high 
grade  there  is  usually  retraction  of  the  spaces  immediately  above  and  below 
the  clavicles.  Transient  prominence  with  vesiculotympanitic  resonance 
occurs  in  the  acute  emphysema  of  asthma  and  pertussis. 

The  Anterior  Borders. — ^The  resonance  is  marked  by  the  osteal  quality 
of  the  percussion  sound  over  the  sternum  and  the  signs  are  uncertain. 
Below  the  level  of  the  fourth  costal  cartilage  the  border  of  the  left  lung 
8weep8  downward  and  to  the  left,  and  is  readily  made  out  by  percussion, 
forming  the  upper  and  left  lateral  boundarv  of  the  area  of  superficial  cardiac 
dulness.  Below  the  clinical  apex  of  the  heart  and  between  the  anatomical 
apex  and  the  chest  wall  a  tongue-like  projection  of  the  anterior  border  of 
the  lower  lobe  called  the  lingula  gives  rise  to  a  clear  percussion  sound  over 
a  limited  wedge-shaped  space.  The  anterior  border  of  the  left  lung  is 
pushed  aside  by  an  hypertrophied  heart  or  large  pericardial  effusion  so 
that  the  area  of  superficial  cardiac  dulness  is  increased.  An  increase  in 
diameter  is,  howevery  much  more  frequently  due  to  diminution  in  the 
volume  of  the  lung  as  in  tuberculous  or  fibroid  disease  and  consequent 
retraction  of  its  borders.  In  substantive  chronic  emphysema  and  the  acute 
emphysema  of  asthma  and  whooping-cough  the  left  border  of  the  lung  is 
advaneed  and  in  extreme  cases  to  such  an  extent  as  to  obliterate  the  area 
of  saperficial  cardiac  dulness. 

The  L<iwer  Borders. —  Due  allowance  must  be  made  for  the  changes 
eaosed  b^  postare,  exertion,  age,  ete.  (p.  141).    The  borders  are  lowered 
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in  patholo^cal  conditions  in  which  the  volume  of  the  lungs  is  increased 
&nd  they  occupy  a  px)sition  higher  than  normal  when  it  is  diminished. 

In  advanced  cases  of  emphysema  the  lower  border  of  the  lung  as 
marked  by  the  transition  to  liver  dulness  on  the  right  side  and  to  tympany 
on  the  left,  may  reach  the  ninth  rib  and  a  corresponding  level  in  the  lateral 
and  posterior  regions.  The  re8piratory  excursus  of  the  border  is  very 
limited  in  this  disease.  It  is  likewise  much  restricted  by  old  pleural 
adhesions.  Permanent  upward  displacement  with  restricted  respiratory 
movement  is  a  sign  of  tuberculous  or  fibroid  shrinking,  chronic  broncho- 
pneumonia,  or  pulmonary  collapse.  The  lung  border  may  be  pushed  up 
lDy  a  distended  abdomen,  or  drawn  up  by  its  own  elasticity  in  paralysis  of 
the  diaphragm.  It  is  also  displaced  upward  and  rendered  immovable  by 
fluid  or  air  in  the  pleural  cavity — hydro-pyo-h8Bmo-pneumothorax. 

Impaired  Resonance;  Dulness;  Platness. — The  resonance  is  dimin- 
ished in  proportion  as  the  amount  of  air  is  decreased  in  the  part  percussed. 
It  is  modified  according  to  the  changes  in  the  physical  structure  of  the 
spaces  containing  the  air  caused  by  the  lesions  of  disease.  Consolidation  of 
the  lung  from  exudate  within  its  substance,  compression,  infarct,  collapse, 
renders  the  percussion  sound  over  the  affected  area  less  resonant  in  pro- 
portion to  the  extent  of  the  lesion.  In  disseminated  lesions,  as  those  of  the 
common  forms  of  ordinary  or  tuberculous  bronchopneumonia,  there  is  usu- 
ally  a  local  compensatory  emphysema  which  modifies  the  dulness.  The 
association  of  heightened  pitch  and  diminished  volume  with  diminished  pul- 
monary  resonance  must  always  be  borne  in  mind.  In  many  instances  the 
well-trained  ear  will  recognize  a  change  in  the  pitch  of  the  percussion  sign 
before  alteration  in  its  quality.  The  sensation  of  increased  resistance — 
loss  of  elasticity — which  is  (experienced  by  the  pleximeter  finger  in  fluid 
exudates  and  dense  consolidations  is  also  to  be  remembered. 

Impaired  resonance  is  a  sign  of  beginning  or  disseminated  tubercle, 
bronchopneumonia,  early  croupous  pneumonia,  small  effusions,  thickened 
pleura,  gangrene  of  limited  extent ,  and  small  abscesses  or  tumors.  Dulness  is 
present  \vhen  the  lesions  of  the  above  conditions  are  close  set  or  extended. 

Flatness  wheii  no  Air  is  Present. — The  percussion  sound  is  dull  over 
the  complete  consolidation  of  croupous  pneumonia  involving  a  lobe  or  an 
entire  lung  because  some  air  yet  remains  in  the  large  and  middlensized 
bronchial  tubes;  it  is  flat  over  a  large  eflfusion  because  the  lung  with  its 
compressed  vesicles  and  with  it  the  air-containing  bronchi  are  pushed 
wholly  away.  The  presence  of  circumscribed  consolidations,  e8pecially 
when  not  directly  beneath  the  chest  wall,  cannot  be  recognized  by  percus- 
sion. Their  only  sign  may  be  a  slight  elevation  of  the  pitch.  Hence  central 
pneumonias  and  deep-seated  aneurisms  are  frequently  overlooked.  An 
effusion  into  the  pleura  of  serum,  pus,  or  blood  which  does  not  reach  600 
to  750  cubic  centimetres  in  volume  does  not  often  yield  definite  phy8ical 
signs  upon  percussion,  and  a  pericardial  effusion  of  half  this  amount  may 
escape  detection.  In  pneumothorax'>vhen  the  bronchopulmonary  fistula 
has  closed  and  the  air  is  present  under  a  high  degree  of  tension,  the  per- 
cussion not€  over  the  greater  part  of  the  affected  side  may  be  dulK 

Impaired  resonance  over  the  apex  or  upper  lobe  of  one  lung  with 
normal  resonance  elsewhere  is  commonly  significant  of  tuberculoeia.   I( 
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mav,  however,  be  caused  by  an  apex  pneumonia  or  gangrene.  Dense 
pleural  thickening  is  aiso  a  cause  of  dulness  in  thU  region.  Slight  impair- 
ment  of  resonance  in  this  region  whieh  passes  away  upon  repeat«d  deep 
inspiration  or  prolonged  percussion  may  simply  indicate  habitual  deficient 
respiratorv  expangiDn  of  the  iunp, 

Dulness  at  the  base  of  the  chest.  always  more  pronounced  and  signiii 
cant  posteriorly,  niay'be  the  sign  of  pneumonia,  oedema,  hypostatic  con- 
gestion,  atelectasis,  or  pleural  effusion  or  thickening,  Less  commonly  it 
stands  for  infarct,  abscess,  gangrene,  tuberculoeia,  or  tumor. 


Fta.7A.— Plmm]  effuaioo,  Ifft 


FU.  TSa. — PiMnmohyiltotbom — ti 


Flattening  of  the  convexity  of  Traube's  seniilunar  spiice  is  a  sign 
o(  moderate  pleural  effusion  ;  marked  depression,  with  a  concave  upper 
line,   occura  in   massive  effusion. 

Ve8iculotympanitic  resonance  of  woodeny  quality  is  significant  of 
estenaive  fibroid  changes  in  the  lung. 

Dulness  at  one  or  the  other  base,  the  upper  line  shifting  quick]y  upon 
change  in  posture,  is  charaoteriatic  of  pneuniohydrothorax,  The  upper 
line  of  sniall  pleural  effusions  shifts  niuch  more  8lowly  and  that  of  large 
effuBions  acarcely  at  aH  save  in  prolonged  and  decided  change  of  posture. 
It  is  to  be  remembered  that  a  pleural  effusion  which  develops  insidiou8ly 
while  the  patient  is  up  and  about  occupies  the  lower  part  of  the  chest  and 
cauaeB  dulnees  at  the  base  anteriorly,  while  one  that  accumulates  in  a  bed- 
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ridden  patient  may  cause  extensive  dulness  posteriorly  and  reveal  itself 
anteriorly  merely  by  skodaic  resonance.  The  significance  of  dulness  in  the 
interscapular  region  is  often  obscure.  It  may  be  a  sign  of  pulmonarv 
collapse  or  great  enlargement  of  the  bronchial  glands.  In  the  latter  čase 
there  is  also  dulness  instead  of  osteal  tympany  over  the  lower  cervical 
vertebrae.  Dulness  or  flatness  in  the  left  suprascapular  or  particularlv 
in  the  left  interscapular  space  may  be  caused  by  the  presence  of  an  aneurism 
of  the  descending  aorta. 

Increased  Resonance — Hyperresonance — Vesiculotyin|>anitic  RescH 
nance — Tympany. — Solidification  of  lung  tissue  changes  its  percussion 
note  to  dulness.  An  increase  in  the  amount  of  air  causes  an  increase  of 
resonance,  but  does  not  necessarily  change  the  quality  of  the  note,  which 
retains  its  clearness  alike  in  shallow-chested  and  in  deep-chested  individ- 
uals  and  in  forced  expiration  and  in  fuU  held  inspiration.  In  truth 
the  change  from  the  clear  to  the  tympanitic  percussion  note  very  fre- 
quently  accompanies  a  reduction  in  the  amount  of  air  contained  in  the 
portion  of  the  lung  under  exaniination.  The  resonance  has  a  tympanitic 
quality  in  extreme  dilatation  of  the  air-cells,  as  emphysema.  in  deep  con- 
gestion,  CEdema,  the  pressure  atelectasis  overlying  an  effusion  or  adjacent 
to  a  tumor,  and  that  part  of  the  lung  which  is  the  seat  of  collateral  fluxion 
in  pneumonia;  it  may  be  exquisitely  tympanitic  in  any  of  these  conditions. 

Clearness  is  replaced  by  tympany  over  portions  of  the  lung  which  have 
broken  down  with  the  formation  of  cavities,  provided  that  the  ca\itie8 
contain  air;  when  they  are  filled  with  fluid  the  percussion  sound  is  dull. 

The  note  is  tympanitic  in  pneumothorax  and  in  the  rare  instances  of 
pneumopericardium  that  occur.  But  when  the  cavity  in  pneumothorax 
is  closed  and  the  air  is  present  under  high  tension  the  note  becomes  dull. 

The  tympanitic  percussion  sound  may  be  due  to  extrapulmonary 
conditions.  We  have  seen  that  percussion  of  the  parts  immediately  over 
the  trachea  and  main  bronchi  yields  resonance  having  this  quality.  In  the 
same  manner  inexpert  percussion  over  a  Consolidated  lung  may  yield  a 
tvmpanitic  sound  due  to  the  air  in  the  trachea  and  large  bronchi  on  the 
one  hand  or  to  the  air  in  the  stomach  and  intestines  on  the  other. 

Finally,  the  bases  of  the  chest  posteriorly  in  crying  infants  in  health 
often  yield  a  tympanitic  sound,  and  that  sound,  as  has  been  pointed  out, 
sometinies  has  the  cracked-pot  quality. 

When  \ve  come  to  review  the  physical  conditions  present  under  the 
foregoing  circumstances,  we  are  impressed  i^ith  the  fact  that,  whethef 
directly  or  by  conduction.  the  vibrations  produced  by  percussion  act  upon 
air-containing  structures  which  do  not  fulfil  the  requirement8  of  the  clear 
percussion  sound.  namelv,  air  contained  in  elastic  vesicles  under  physio- 
logical  tension  within  the  chest.  On  the  contrary,  they  present,  completely 
or  in  a  modified  manner,  the  very  conditions  necessary  to  the  tympanitic 
percussion  sound,  namely.  air  in  spaces,  the  walls  of  which  are  not  under 
any  great  degree  of  tension. 

In  emphysema  we  recognize  as  an  essential  lesion  that  nutritive  change 
in  the  alveolar  walls  which  interferes  with  expiratory  contraetion;  even 
in  local  or  compensatory  emphysema  there  is  some  degree  of  impalrment 
of  contraetility  from  vesicular  overdistention.     In  congeBtion  and  OBdema 
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the  volume  of  air  in  the  chest  is  decreased  as  the  quantity  of  blood  is 
increased  or  serum  is  present  and  the  normal  tension  diminished  to  a  corre- 
sponding  degree.  In  compression  of  the  lung  the  air  is  squeezed  out  of  the 
atelectie  portion  as  the  water  out  of  a  sponge  and  the  vesicular  tension 
is  done  away  with  altogether.  In  collateral  fluxion  the  condition  is  the 
same  as  in  congestion  from  other  causes.  In  the  foregoing  conditions  the 
percussion  sound  varies  from  vesiculotympanitic  resonance — mere  hyper- 
resonance— ^to  an  exquisite  tympany.  In  air-containing  cavities  within 
the  lungs  or  in  the  pleural  space  and  in  the  čase  of  the  tracheobronchial 
or  gastro-intestinal  tympanitic  sound  we  have  to  do  with  the  conditions 
essential  to  this  phenomenon  and  the  quality  is  unniixed  and  constant. 

The  pitch  of  the  tympanitic  sound  varies  with  the  degree  of  tension 
of  the  air  within  the  cavity,  becoming  higher — dull  tympany — as  the 
tension  increases,  and  with  the  relative  width  of  the  opening  with  which 
the  cavity  eommunicates  \vith  the  air,  the  wider  the  opening  the  higher 
the  pitch.  The  študent  may  demonstrate  these  facts  by  percussing  his 
distended  cheeks  under  progressive  degrees  of  tension  \vith  his  mouth 
closed  and  with  his  mouth  opened  progressively  to  the  full  extent. 

1.  Ve8iculotympanitic  resonance  on  both  sides  of  the  chest  is  signifi- 
cant  of  emphysema,  which  may  be  acute  as  in  asthma  or  pertussis,  or  chronic 
as  in  p8eudohypertrophic  emphysema.  The  degree  of  tympany  varies  with 
the  grade  of  the  disease.  In  extreme  cases  the  percussion  sound  becomes 
high  in  pitch,  small  in  volume,  and  short  in  duration — dull  tympany. 

2.  The  percussion  note  is  hyperresonant  and  has  the  tympanitic 
quality  over  the  sound  side  in  the  vicarious  respiration  such  as  occurs  in 
extensive  disease  of  the  lung,  massive  pleural  effusion,  or  large  tumor  of 
the  opposite  side. 

3.  An  exquisite  tympanitic  sound,  often  partaking  of  the  amphoric 
qualityyis  present  over  the  affected  side  in  pneumothorax.  With  extreme 
intrapleural  tension  the  sound  becomes  less  resonant — dull  tympany  or 
flat  tympany — or  may  become  quite  dull. 

4.  Local  tympanitic  percussion  resonance  is  a  constant  sign  of  pressure 
atelectasis.  It  is  present  at  the  level  of  pleural  effusions,  above  towards 
the  axilla  and  at  the  base  posteriorly  on  the  left  side  in  massive  pericardial 
elTusions,  and  surrounds  the  dulness  caused  by  pleural  and  pulmonary 
tumors.  In  old  cases,  as  the  atelectasis  becomes  complete,  the  tympanitic 
resonance  is  replaced  by  dulness. 

5.  Tympanitic  resonance  in  one  or  both  infrachivicular  spaces  asso- 
ciated  with  dulness  at  the  base  of  the  chest  may  be  a  sign  of  pleural  eflfusion, 
pneumonia  of  the  lower  lobe,  infarct,  abscess,  gangrene,  or,  especially  when 
biiateral,  of  cedema. 

6.  Tympanitic  resonance  at  the  sternoclavicular  articulation  and 
below  it  with  dulness  at  the  apex  is  usuallv  conducted  tracheobronchial 
resonance.    It  is  encountered  in  tuberculosis  and  apex-pneumonia. 

7.  CSrcumscribed  tympanitic  percussion  resonance  is  the  sign  of  a 
ca\'ity  whieh  may  be  tuberculous,  bronchiectatic.  or  the  result  of  abscess 
or  gangrene.  The  nearer  the  cavity  lies  to  the  surface  the  better  defined 
the  tympaDy.  Consolidation  of  the  intervening  lung  tissue  acts  in  the  same 
wsy.    In  tuberculosis  a  cluster  of  small  communicating  cavities  is  often 
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present  at  the  apex.  Single  small  cavities  even  when  they  are  superficial, 
and  deeplv  seated  cavities  even  when  of  moderate  size,  do  not  yield  a 
tvmpanitic  percussion  sound. 

S.  Subdiaphragmatic  tvmpanitic  resonance  when  the  distention  is 
extrenie  niav  be  elicited  by  percussion  in  the  anterior  axillary  line  on  the 
left  side  as  high  as  the  third  interspace. 

Amphoric  Resonance. — This  is  the  sign  of  a  ca  vit  y  of  large  size  or. 
when  very  extensive,  of  pneuniothorax.  The  cracked-pot  sound  is  usually 
the  sign  of  a  ca\'ity  of  some  size  >\'ith  compressible  walls  and  communicat- 
ing  freely  ^ith  a  bronchus.  The  essential  phvsical  requirement  is  that  the 
walls  should  be  freelv  compressible  so  that  there  may  be  a  free  outrush  of 
air  a  t  the  moment  of  the  percussion  stroke. 

The  following  percussion  phenomena  described  in  the  text-book8  are 
of  greater  clinical  interest  than  practical  value.  Thev  are  very  rarely 
brought  out  in  a  manner  that  amounts  to  a  demonstration. 

1.  Wixtrich\s  Sigx. — The  tympanitic  percussion  sound  is  higher 
in  pitch  upon  opening  the  mouth  and  lo^-er  when  it  is  closed.  The  patient 
should  open  his  mouth,  protrude  his  tongue.  and  breathe  quietly.  This 
phenouK^non  is  occasionally,  but  by  no  means  in  the  majority  of  instances, 
observed  in  large  ca\'ities  of  the  lung  or  pneunK)thorax  ^ith  wide  com- 
munication  with  a  bronchus. 

2.  IvTJJiRrPTED  Wixtrich's  Sii;x. — If  the  foregoing  sign  is  exclu- 
Mveh"  present  in  the  sitting  posture.it  is  evidence  of  a  ca\ity  containing 
fluid  which  in  one  posture  occludes  and  in  the  other  leaves  open  the  com- 
munication  with  the  bronchus.  Vnder  these  circumstances  gurgling  or 
the  rale  of  cavities  is  usually  present. 

3.  Gerhardt's  Sigx. — The  pitch  changes  with  change  of  posture. 
usually  becoming  higher  in  the  eretn  posture  but  scarcely  ever  becoming 
higher  in  the  recumbeni  jx>sition.  The  alterations  in  jMich  are  attributed 
to  the  changes  in  the  shape  of  the  cavitv  caused  by  the  gra\'itation  of  the 
fluid  to  its  lowest  part. 

4.  Frikprkioh^s  Su;x.  —  The  tvmpanitic  resonance  over  a  cavity 
communioating  with  a  bn^nohus  is  higher  in  pitch  upr»n  inspiration  than 
upt>n  e\piration.  The  chango  in  pitch  is  always  slight  and  often  too  slight 
to  lx*  of  value  in  diagni^is.  The  inspiratorv  rise  is  attributed  lo  the  \^"idely 
oj>en  c^otiis  and  the  inorcase^i  tonsion  of  the  air  in  the  ca\ity. 

o.  Ri}K\nR's  Sii;x.  —  In  pnoumohydnnhorax  the  tyni|>anitic  per- 
cussion r.i^To  is  Knvor  in  tho  nvumlvnt  th.sn  the  erect  posture.  the  change 
Ivine  viuo  to  .shonitions  in  tho  shaix^  And  relative  dianx^ters  of  the  air 
si\six»  c.HUStM  l\v  tho  gmvit^stion  of  tho  !U;id,  The  underi\ing  princi ple  in 
Gorhaniis  sicn  and  Hiormors  sicn  is  :ho  ssn>e. 

Coia  RefcusskM—iM«  Tc«t—  Aii\ H  Tc$t«  Aus^^ultation  is  performed  upon 
tho  ihos:  wh;>  .sn  as>iM,'\nt  |vr*nNsi^>  M  a  jviMnt  di:tnietrically  oppodte 
ujxm:  i  ho  wn:  or  Ksck  ,ns  tho  va?^^  ivk-in  Kv  usinc  ji  c^in  laid  flat  upon 
tho  surtaiv  as  a  p.ovinnMor  and  Ano:hor  ,^s  the  plo\or,  siriking  with  its 
edge.  Tlv  ivins  shiniivi  Iv  ot  ?^>nv  \xxn|tht.  as  t'.fty-<vnt  pieces  or  alver 
doilars,  If  piHnimothoni\  Iv  pro?vnt  t  Iv  |VH^v,IiAr  aus>cultatory  šgn  consista 
of  a  cloar  nvtalho.  rin|nn|t.  IvU-likr  noto.  iVmn^  i4^s«n*mtioi»  mav  be 
made  upon  the  op)x^te  sii^lo  and  %^xrr  ihe  oi>inprK%ml  lung.  This  agn 
doee  not  occur  o\t^r  wry  larpr  c(ix«W9t    :>»*».  s^. 


PHVSICAL  DIAGNOSIS:     PERCUSSION.  149 

PERCUSSION   IN   DISEASE  OF  THE   HEART. 

The  normal  superficial  and  deep  cardiac  dulness  and  the  method  of 
determining  them  have  been  discussed  in  a  foregoing  section.  By  this 
method  of  physical  diagnosis  we  ascertain  approximately  the  size,  shape, 
and  position  of  the  heart,  the  relation  of  the  anterior  borders  of  the  lungs, 
e8pecially  upon  the  left  side,  to  it,  and  the  presence  of  pericardial  effusion 
when  it  is  of  sufficient  amount.  The  area  of  superficial  cardiac  dulness  is 
ascertained  by  light  percussion  in  the  parasternal  line  from  above  down- 
wards  until  dulness  with  a  distinct  sense  of  resistance  is  reached,  usually 
about  the  level  of  the  fourth  rib  or  its  lower  border.  This  |X)int  is  in  a 
trans verse  or  oblique  line  extending  downward  and  outward  from  mid- 
sternum.  Next  percuss  over  the  lung  upon  the  right  side  about  the  level 
of  the  fifth  rib  and  in  a  transverse  line  across  the  sternum  to  the  left.  About 
or  just  beyond  the  middle  line  the  sound  again  becomes  duU  and  the  resist- 
ance inereased.  This  marks  the  limit  of  the  anterior  border  of  the  right 
lung.  Continuing  to  percuss  in  the  same  line  and  lightly  as  before,  we  reach 
a  point  at  which  the  sound  again  becomes  clear  and  which  corresponds  to 
the  anterior  border  of  the  left  lung  at  the  level  named.  This  determines 
the  transverse  dia meter  of  the  superficial  area  of  cardiac  dulness.  The 
left  lower  angle  corresponds  to  the  apex  and  can  be  determined  by  palpa- 
tion.  The  lower  border  is  bounded  by  a  line  prolonged  from  the  upper 
border  of  liver  dulness  to  the  apex  of  the  heart. 

The  area  of  deep  cardiac  dulness  may  be  roughly  estimated  by  per- 
cussion in  corresponding  parallel  lines  from  the  parasternal  line  on  the  right 
side  across  the  chest  to  the  left  and  from  above  downward  upon  the  left 
side  along  the  sternal  border,  the  parasternal  line  and  the  mamillary  line. 
The  base  line  is  the  same  in  both  areas.  The  first  modification  of  clear 
pulmonary  resonance  as  we  approach  the  heart  may  be  accepted  as  a  sign 
indicating  the  outline  of  that  organ. 

SIONIFICANCE  OF  VARIATIONS   IN  THE   CARDIAC   DULNESS. 

Alterations  in  the  size  of  the  superficial  area,  as  has  been  heretofore 
stated,  are  usually  signs  of  pulmonary  rather  than  of  cardiac  disease.  They 
correspond  to  increase  as  in  emphvsema,  or  decrease  as  in  phthisis  in  the 
volume  of  the  lung.  This  area  together  \vith  the  deep  area  undergoes 
changes,  however,  with  changes  in  the  volume  of  the  heart. 

Increase  of  Cardiac  Dulness. — VVhen  the  enlargement,  as  determined 
by  percussion  and  other  methods,  extends  chiefly  to  the  left  and  downward, 
the  longest  diameter  being  oblique  from  above  downward  and  to  the  left, 
it  is  the  sign  of  hypertrophy  and  dilatation  of  the  left  ventricle.  When 
the  enlargement  is  to  the  right,  with  an  extension  of  the  dulness  in  the  third 
and  fourth  intercostal  spaces  a  t  the  right  border  of  the  sternum  and  a 
rounded  blunt  ape>c,  the  longest  diameter  being  transverse,  it  is  a  sign  of 
hypertrophy  and  dilatation  of  the  right  ventricle  and  auricle.  Enlarge- 
ment both  to  left  and  right  indicates  hypertrophy  and  dilatation  of  both 
ventricies,  the  dilatation  under  these  circumstances  being  almost  always 
in  ezcesB  of  the  hypertrophy. 
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Enlargement  of  the  boundaries  of  precordial  dulness  to  the  lett.  nght, 
and  upwards  inay  indicate  the  presence  of  a  pericardial  effusion.  The 
dulness  is  marked  and  its  outline  is  pyramidal  or  pear-shaped,  the  smaller 
end  being  directed  upward.  The  increase  in  dulness  inay  be  first  observed 
in  the  angle  fornied  by  the  right  border  of  the  cardiac  and  the  upper  border 
of  the  liver  dulness.  which  becomes  at  first  rounded  and  then  obliterated. 
The  dulness  mav  extend  to  the  second  interspace  or  higher  and  is  sharplv 
defined  a  t  its  borders.  In  pericardial  effusions  of  eonsiderable  size  the 
conipressed  left  lung  jdelds  a  vesiculotvmpanitic  or  tympanitic  resonance 
— dull  tvmpanv;  skodaic  resonance.  The  apex-beat  mav  be  felt  or  located 
bv  the  intensitv  of  the  first  sound  within  the  borders  of  dulness.  Percus- 
sion  alone  will  not  always  enable  us  to  make  a  differential  diagnosis  between 
a  moderate  pericardial  eflfusion  and  extreme  dilatation  of  the  heart. 

Under  normal  conditions  the  impairment  of  resonance  due  to  the 
presence  of  the  aorta  and  pulmonarv  artery  does  not  extend  beyond  the 
manubrium  on  either  side.  When  it  can  be  made  out  upon  the  right  side 
in  the  first  and  second  interspaces,  or  in  the  notch  of  the  sternum.  it  is 
usuallv  a  sign  of  dilatation  of  the  aorta  or  of  aneurism  of  the  ascending  or 
transverse  portion  of  the  arch.  Sometimes  it  indicates  the  presence  of  a 
nMHlia^tinal  tumor. 

Decrease  in  the  area  of  cardiac  dulness  is  mostlv  caused  by  pul- 
monarv eniph vsema.  by  which  the  heart  is  covered  more  completelv  by 
the  lung  and  displaced  towards  the  middie  of  the  thorax.  The  heart  like 
other  muscie  masses  undergoes  atrophic  changes  in  acute  and  chronic 
wasting  diseases.  as  enteric  fever  and  consumption,  iinth  a  corresponding 
diminution  in  the  area  of  cardiac  dulness.  This  area  is  diminished  in  extent. 
altered  in  outline.  and  in  extreme  cases  rendered  wholly  unrecognizable 
by  percussion  in  left  pneumothorax.  pneumopericardium.  and  emphysema 
of  the  meiliastinuni.  such  as  follows  trauma  and  occasionallv  occurs  in  fatal 
casaes  of  i^ertussis  or  after  tracheotomv.  Extreme  meteorism  and  great 
di^iention  of  the  stomach  by  gas  mav  cause  like  effects.  Under  these 
ci^^nditions  the  modifiod  pulmonarv  resonance  of  the  deep  area  and  the 
dulness  of  the  su|x^rfioial  aiva  an?  ivplai^ed  by  a  tvmpanitic  note. 

Dislocation  of  the  Cardiac  Dulness. — The  heart  is  a  verv  movable 
orpui.  Tho  jihiftinc  \vluch  the  a|x*x  undergi^es  upon  changes  of  the  posture 
of  the  IhhIv  has  alrvadv  Kn^n  desoril^.  The  heart  is  displaced  upwards 
by  givat  meiovmsm.  a.<oitos.  a  mai^iw  aUioniinal  tumor,  or  pregnancy; 
to  ilio  loit  by  plounil  otfusion.  pnoun\othorax.  or  tumor  on  the  right  side; 
to  tho  rich:  by  sinular  ivtuiitions  ta^^^n  tho  loft  side.  Great  enlargement 
of  :ho  rich;  lolv  of  tho  livor  Uko\\i:^^  iiisi^laix»s  tho  hoan  to  the  left.  Con- 
tničtion  of  tho  lun«  xxi:h  adhon^r:  rlouhsv  disWaiV5  tho  heart  bv  traction 
towani  tlu^  atTivitvl  si^lo.  .-»s  in  oKi  rlouriil  offusions  thai  ha  ve  undergone 
ross^^rrtior.  or  Nvr.  rolioM\i  l\v  o:vranon,  ar.^i  in  oirrhosis  of  the  lung. 
.\nourisn\sl  or  c:ir,vvr\n;s  :uiv.oni  ,nr.v:  di.sphr^cn^atio  homia  are  among  the 
r^ivr  iAU:^>s  O!  liisrlsivrivr.i  of  tho  ht\sr:.  l^^otioallv  spcaking.  dispiace- 
rx»k;s  oi  tho  ho.sr:  :%t\^  :bo  rt^^suh  o:  di?^\SM^  of  the  pleura  or  lungs. 
Tho  CTvator  ^>an  of  tho  hoart  and  i:.<  aivv  tv^sv  Ho  to  the  right  of  tke  median 
line  with  or  \\ithout  i^M^oral  tran:*jxviation  of  tho  \-i«t«u  Vnder  ali  these 
conditions  o\oo{M  tho  last.  ihoiv  aiv  :^uoh  n^viirioaiKHis  of  tke  percusBion 
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agns  relating  to  the  heart  as  to  render  that  method  of  physical  diagnosis 
stili  more  unsatisfactory  and  frequently  wholly  useless  in  determining  the 
boundaries  of  the  cardiac  dulness,  valuable  as  it  remains  in  the  diagnosis 
of  the  primary  disease.  The  position  of  the  apex  as  located  by  palpation 
and  auscultation  constitutes  the  most  reliable  evidence  of  the  region  oceu- 
pied  by  the  displaeed  heart.  The  diagnosis  of  congenital  displacement  of 
the  heart  should  in  no  instance  be  made  until  ali  other  causes  capable  of 
producing  sueh  displacement  ha  ve  been  shown  to  be  absent. 

Pfercussion  in  the  Exainination  of  the  Abdomen. 

This  method  is  far  less  valuable  than  palpation  in  the  diagnosis  of 
abdominal  diseases.  It  has,  however,  much  usefulness  for  direct  examina- 
tion  and  is  particularly  important  in  controlling  the  results  obtained  by 
the  other  methods  of  physical  examination. 

The  Technic. — The  general  directions  are  the  same  as  in  the  technic 
of  palpation.  Direct  percussion  except  flicking  percussion  cannot  be 
€mployed,  owing  to  the  sensitiveness  of  the  surface  and  the  elasticity  of 
the  walls  of  the  abdomen.  As  in  palpation  the  patient  must  be  examined 
in  various  postures,  and  it  is  frequently  necessary  to  distend  the  stomach 
or  colon  with  air  or  water.  Auscultatory  percussion  is  of  service  in  deter- 
mining the  boundary  lines  between  contiguous  viscera,  whether  they  be 
flolid  or  air  containing. 

PERCUSSION   OF  THE   ABDOMEN    IN   HEALTH. 

The  upper  limits  of  hepatic  and  splenic  dulness  are  determined  by 
vesicular  resonance.  With  this  exception  the  signs  relate  to  dulness  and 
tympanitic  resonance  and  their  modifications. 

The  normal  duU  areas  in  the  abdomen  are: 

(a)  Hepatic-  -The  upper  border  of  dulness  begins  about  the  level  of 
the  sixth  rib  in  the  midclavicular  line.  Its  lower  border  nearly  corre- 
sponds  with  the  arch  of  the  ribs.  This  area  of  dulness  shifts  with  the 
re8piratory  movements  about  two  fingers'  breadth  on  quiet  and  slightly 
more  upon  deep  breathing.  The  dulness  extends  upon  corresponding 
lines  in  the  epigastric  zone  and  its  respiratory  excursus  is  less  at  the 
back  than  in  front.  The  dulness  of  the  left  lobe  extends  to  the  left  of 
the  median  line  and  is  continuous  vertically  with  that  of  the  heart. 

(b)  Splenic. — The  duU  area  of  the  spleen  occupies  the  space  between 
the  ninth  and  eleventh  ribs,  its  anterior  border  being  slightly  in  advance 
of  the  midaxillary  line.  Its  respiratory  excursus  is  slightly  less  than  that 
of  the  liver.    The  observation  must  in  ali  cases  be  confirmed  by  palpation. 

The  above  are  constant  in  health. 

Dull  areas  that  are  not  constant  aiso  occur  under  physiological 
conditions.     These  are: 

(c)  The  DIstended  Bladder.— The  dull  area  is  situated  in  the  supra- 
pubic  region  in  the  median  line.  It  mav  extend  half-way  to  the  umbilicus. 
It  Is  oval  and  8ymmetrical  in  outline  and  disappears  upon  micturition  or 
catheterisation. 


152  MEDICAL  DIAGNOSIS. 

(d)  A  DIstended  Stomach. — A  hearty  meal  or  the  large  ingestion  ot 
fluid  will  cause  an  area  of  dulness  in  the  epigastrium  which  disappears 
in  the  course  of  digestion.  The  sharp  contrast  between  the  lower  border 
of  the  dulness  and  the  tympanitic  resonance  of  the  transverse  eolon 
indicates  the  position  of  the  greater  curvature  of  the  stomach. 

(e)  Fecal  Masses  in  the  Colon. — In  persons  of  sedentary  habits  it 
is  not  uncommon  to  find  areas  of  dulness  corresponding  to  the  course  of 
the  colon,  and  especially  to  the  left  end  of  its  transverse  portion,  which 
disappear  upon  brisk  and  repeated  purgation. 

(f)  Pres:iuincy.  —  The  oval  area  of  dulness  gradually  developing 
upward  from  the  pelvis,  always  central,  at  first  synimetrical,  later  deflected 
somewhat  laterally,  is  suggestive.  The  diagnosis  of  this  physiological 
condition  under  ambiguous  circumstances  or  in  a  doubtful  čase  must  be 
a  guarded  one. 

With  the  above  exceptions  the  percussion  resonance  of  the  abdomen 
is  tympanitic.  Its  pitch  varies  with  the  dimensions  of  the  particular  space 
and  the  tension  of  the  contained  air,  being  relatively  high  as  the  space  is 
small  and  the  tension  great.  The  stomach  and  colon  yield  therefore  a 
percussion  note  of  lower  pitch  than  the  small  intestines.  The  structure 
and  functions  of  these  organs  are,  however,  such  as  to  cause  great  varia- 
tions  in  the  size,  tension,  and  relation  of  their  various  parts,  and  lessen  the 
value  of  the  signs  obtained  by  this  method  of  examination.  The  percussion 
signs  are  furthermore  greatly  modified  by  the  thickness  of  the  abdominal 
walls  and  their  general  state  as  to  tension  and  relaxation. 

PERCUSSION  IN  DISEASE  OF  THE  ABDOMINAL  OROANS. 

Under  ordinary  circumstances  except  as  above  stated  the  abdomen 
in  health  is  everywhere  tvmpanitic  beyond  the  borders  of  the  liver  and 
spleen.  Persistent  dulness  is  significant  of  morbid  conditions.  It  may  be 
general  or  local,  continuous  with  the  dulness  of  the  liver  or  spleen  or 
separated  from  them,  fixed  or  shifting. 

General  Dulness  of  the  Abdomen. — The  retracted  abdomen  seen 
in  the  wasting  diseases  and  in  fpsophageal  and  pyloric  carcinoma,  cholera^ 
and  the  pernicious  vomiting  of  pregnancy  is  usually  dull  upon  percussion. 
The  areas  of  tvmpanitic  resonance  are  limited  in  extent  and  of  irregular 
distribution.  This  is  especially  true  of  the  scaphoid  abdomen  so  often 
observed  in  meningitis,  tumor  of  the  brain,  and  lead  colic.  The  bowel8 
are  empty  of  air  and  coUapsed. 

The  general  distention  due  to  fat  in  the  walls  and  intra-abdominal 
fat,  fluid  within  the  peritoneal  cavity,  or  abdominal  tumor  yields  dulness 
upon  percussion.  The  bowels  contain  air  but  under  conditions  which 
modify  the  results  of  percussion.  In  the  čase  of  an  excess  of  fat  in  the 
walls  the  force  of  the  blow  is  not  transmitted  to  the  underlying  gut;  in 
excessive  omental  fat  the  same  is  true.  Pluid  accumulates  in  the  depend- 
ent  parts,  displacing  the  coils  of  intestine.  which  float  upon  the.  surfaee, 
and  vields  dulness  upon  percussion  at  the  lower  levels  with  tympany  above 
shifting  with  change  of  posture,  the  line  between  them  tending  to  maintain 
its  correspondence  with  the  plane  of  the  horizon.    Thus,  in  the  recumbent 
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posture  there  is  general  dulness  save  in  a  limited  oval  region  around  the 
umbilicus,  over  whieh  there  is  tympanitic  resonance;  in  the  erect  posture 
the  resonance  of  this  region  is  replaced  by  dulnesa  while  there  niay  be 
deinonstrated  a  broad  line  of  tympanitic  resonance  in  the  epigastric  zone, 
previously  dull;  in  the  lateral  postures  the  area  of  resonance  seeks  the  upper 
spaces  attd  shifts  alternately  as  the  patient  turns  from  side  to  side.  The 
fluid  commonly  gravitates  5lowly  from  region  to  region  and  a  few  momenta 
must  be  permitted  to  elapse  before  the  change  of  note  can  be  demonstrated. 
Large  monocy3ts,  as  of  the  pancreas  or  ovary,  aiso  yield  fluctuation  and 
general  dulness,  but  the  inteatines  do  not  float  at  the  highest  level,  being, 


on  the  contrary,  pushed  aside,  and  rausing  resonance  in  the  Hanks,  uhich 
does  not  change  to  any  great  extent  with  change  of  position  and  does  not 
present  the  oval  area  of  tympanitlf  resonance  in  ihe  umbilical  region  which 
is  characteristic  of  ascites.  The  presence  of  peritoneal  adhesions  and  a  great 
quantity  of  fluid  sometimes  renders  fluctuation  obscure  and  the  results  of 
percussion  uncertain  by  interfering  with  the  free  movement  of  the  superna- 
tsnt  intestines.  Tumora  of  sufficient  aize  lo  give  rine  to  marked  distention 
and  general  dulness  or  flatness  usuallv  increase  Ihe  anteroposterior  diameter 
of  the  abdomen  to  a  greater  extent  tlian  the  bilateral  as  compared  with 
ucites  and  meteorism.  The  enlargemeut  caused  by  tumor  is  not  usually 
iTnuDCtrical.     The  intestines  are  pushed  aside  and  tyinpamtic  resonance  is 
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elicited  upon  percussion  in  the  flaoks  and  e8peciaUy  upon  tbe  opposite 
part  of  the  abdomen  to  that  from  which  the  growtii  hae  developed — on 
the  left  side  in  čase  of  tumor  of  the  liver,  on  the  right  in  čase  of  tumor  of 
the  gpleen,  above  in  tumors  springing  from  the  pelvic  organa,  below  in 
those  springing  from  organs  in  the  epigastric  zone,  and  so  forth,  while  over 
the  tumor  there  is  dulness.  The  list  of  tumors  wbich  attain  dimensions 
sufficiently  great  to  cause  general  distention  of  the  abdomen  comprises 
cancer,  syphi]itic  and  aniytoid  disease,  and  hydatid  cysta  of  the  hver; 
malignant  disease  and  multiple  cy8ts  of  the  kidney;  cancer  of  the  intestinee 
and  peritoneum;  ovarian  cyst8  and  uterine  fibroniata  and  retroperitoneal 
sarcoma.  Verv  marked  distention 
niay  be  present  in  pancreatic  cyst, 
hydronephro8i8  and  tuberculosis  of 
the  mesenteric  glands,  and  Hodgkin's 
disease.  Ali  these  conditions  yield 
dulness  u[>on  percussion.  An  impor- 
tant  sign  in  the  diagnosis  of  large  neo- 
plasms  of  the  retroperitoneal  glands 
arises  from  the  fact  that,  while  the 
intestines  are  in  general  pushed  aside 
by  the  tumor,  the  ascending  or 
descending  colon,  according  to  the 
side  upon  which  the  growth  develops, 
passes  obIiquely  across  it  and  yield8 
tympanitic  resonance,  at  both  borders 
of  which  dulness  begins. 

Gaseous  distention  of  the  abdo- 
men—  meteorisro,  tympany — yields 
tympanitic  resonance  at  ali  points 
and  increases  the  ver  tičal  dia  meter 

r^«~i^.  "  '     ■    of  the  abdomen  by  pushing  the  dia- 

phragm  upward8  and  interfering  with 
its  descent.  In  estreme  distention  the  note  becomes  higher  in  pitch. 
shorter  in  duration,  and  diminished  in  intenaity  until  it  finally  may  be  duU. 
This  condition  is  conimonly  due  to  paresis  of  the  inteatinal  waH  and 
occurs  in  pcritonitis,  the  advanced  stages  of  the  infectious  fevers,  and 
hysteria.  To  a  less  degree  it  is  present  in  cretiniam,  rickets,  and  pseudo- 
hypertrophic  paraty8is.  Great  dilatation  of  the  stomach  and  congenital 
dilatation  of  the  colon  are  attended  with  general  sbdominal  enlargement 
over  which  the  note  ia  tynipanitic. 

Free  gas  in  the  peritoneal  cavity  may  be  the  outcome  of  a  perforating 
ulcer  of  the  stomach  or  duodenum — peptic  ulcer — or  of  the  ileum  in  enteric 
fever  or  of  the  appendix.  The  accident  which  leads  to  the  escape  of  gas 
is  u8uaUy  attended  with  severe  abdominai  pain,  collapse,  and  meteorism. 
Rapid  obliteration  of  liver  dulness  in  an  abdomen  not  previou8ly  much 
distended  is  an  important  sign.  Mere  disappearance  of  the  anterior  liver 
dulness  at  the  marpn  of  the  ribe  or  in  the  nipple  line  may  be  a  ugn  of  ordi- 
nary  meteorism.  If,  however,  liver  dulness  is  present  in  the  infra-axiUary 
line  whUe  the  patient  is  in  the  dor«!  decubitus  and  is  replaced  by  tyiii- 
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panitic  resonance  when  he  is  turned  upon  the  left  side,  it  may  be  inferred 
that  there  is  free  air  in  the  peritoneal  cavity. 

Local  Areas  of  Dulness. — Spasmodic  local  contractions  of  the  abdom- 
inal  muscles  and  phantom  tumors  may  yield  dulness  upon  percussion. 
In  obscure  cases  a  somewhat  deeply  seated  tumor  may  be  examined  by 
percussion,  if  the  walls  are  relaxed,  by  pressing  with  the  pleximeter  hand 
^ntly  but  firmly  for  a  time  until  the  bowel  is  pushed  aside,  and  the  mass 
may  be  recognized  by  palpation  and  its  percussion  signs  ascertained. 
Any  local  tumor  or  new  growth  gives  rise  to  percussion  dulness  in  that 
area  of  the  abdominal  wall  which  overlies  it.  The  variety  of  such  morbid 
conditions  is  very  great.  The  nature  and  point  of  origin  of  the  most 
important  of  them  have  been  indicated  under  the  heading  Palpation 
in  Diseases  of  the  Abdominal  Organs. 

AUSCULTATION. 

Auscultation  as  a  method  of  physical  diagnosis  is  the  art  by  which 
we  recognize  and  interpret  the  sounds  produced  within  the  body  in  health 
and  disease. 

This  is  the  most  important  of  the  methods  of  physical  diagnosis.  It 
is  essential  to  the  diagnosis  of  diseases  of  the  organs  of  respiration  and 
circulation  and  of  limited  service  in  the  diagnosis  of  diseases  of  the  diges- 
tive  organs. 

The  Methods. — Auscultation  is  of  two  kinds, — immediate  or  direct,  in 
which  the  ear  is  applied  directly  to  the  surface  to  be  examined,  and  mediate 
crindireci,  in  which  a  stethoscope  is  employed.  The  latter  was  practised  by 
Laennec,  the  discoverer  of  auscultation;  the  former  has  since  come  into  use. 

Elach  of  these  methods  has  its  peculiar  advantages  in  diagnosis.  Direct 
auscultation  is  useful  for  a  general  survey  of  the  chest,  including  both  its 
re8piratory  and  circulatory  phenomena,  the  study  of  broad  areas  and  the 
determination  of  the  presence  or  absence  of  abnormal  signs.  It  also  enables 
us  to  detect  the  signs  of  deep-seated  lesions,  as  central  consolidation  of  the 
lungy  which  are  not  audible  by  the  stethoscope.  Indirect  auscultation,  on 
the  other  hand,  is  preferable  for  the  niče  studv  of  the  signs  heard  in  limited 
areas,  the  point  of  maximum  intensity  of  a  murmur  or  the  limits  of  a  fric- 
tion  sound.  Just  as  in  palpation  we  use  the  palm  of  the  hand  to  find  and 
estimate  the  extent  of  the  impulse  of  the  heart  and  then  studv  its  force  and 
characters  with  the  smaller  and  more  sensitive  finger-tips,  so  the  experi- 
enced  diagnostician  ušes  the  two  methods  of  auscultation.  Like  the  other 
methods  of  physical  diagnosis  they  are  not  independent  and  sufficient  of 
themselves,  but  interdependent  and  complementary.  There  is  no  question 
as  to  which  should  be  employed,  since  both  are  necessary:  the  one  for  one 
Idnd  of  observation,  the  other  for  a  different  kind;  the  one  for  clinical 
research,  the  other  to  control  its  results. 

Many  experienced  auscultators  use  the  direct  method  in  the  exam- 
ination  of  the  back  of  the  chest  and  the  stethoscope  for  the  examination 
of  the  anterior  surface,  the  reason  for  this  being  found  in  the  difficulty 
in  reaching  the  supraclavicular  and  axillary  regions  by  the  direct  method, 
the  eloser  8tudy  necessary  in  the  examination  of  cardiac  and  pericardial 
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conditions,  and  certain  personal  considerations  which  appeal  to  the  user  of 
the  stethoscope. 

Stethoscopes. — These  instruments  are  made  of  various  materials  and 
shapes.  The  young  auscultator  of  a  mechanical  turn  of  mind  is  very  apt 
to  turn  his  attention  to  the  stethoscope  and  there  are  many  inventions. 
Few  only  deserve  serious  consideration.  The  underlying  principle  is  the 
conduction  of  the  sound.  There  are  two  kinds  of  stethoscopes,  the  single 
and  the  double  or  binaural. 

The  single  stethoscope  was  used  by  Laennec.  The  best  form  is  the 
gun-metal  instrument  with  detachable  hard-rubber  ear-piece  devised  by 
Hawkslev  of  London. 

The  doublo  stethoscope  of  Cammann  of  New  York  consisted  of  a  chest- 
piece  connected  with  two  tubes  fitted  with  ear-pieces.  Many  modifications 
of  this  instrument  have  since  been  made  and  the  double  stethoscope  hiis 

come  in  to  general  use.  The  chest-pieces  as  now  made 
consist  of  interchangeable  bell-like  expansions  of  hard  or 
soft  rubber,  or  a  shallow  metal  cup  with  a  hard-rubber 
diaphragm  held  in  plače  b)^  a  metal  ring,  seven-€ighths 
of  an  inch  in  diameter  so  as  to  be  applied  to  the  costal 
interspaces,  or  larger;  the  tul)es  are  long  and  flexible 
to  enable  the  examiner  to  move  the  chest-pieces  freelv 
without  changing  his  position,  while  the  ear-pieces  are 
in  some  instances  attached  to  metal  arms  held  together 
by  a  spring  or  hinged  and  held  in  position  by  a  rubber 
band.  In  other  forms  the  soft-rubber  tubes  are  con- 
nected directly  with  the  chest-piece  and  ear-piece,  the 
latter  retaining  its  plače  in  the  meatus  by  its  appropri- 
ate  shape  and  size. 

In  selecting  a  stethoscope  attention  should  be  given 
to  the  kind.  It  should  be  an  excellent  conductor  of 
sound  as  tested  by  comparing  several  different  Instru- 
ments under  similar  conditions,  and  simple  in  construc- 
tion,  durable,  and  convenient  to  carry.  Attention  must  also  be  given  to 
the  particular  instrument  to  see  that  the  ear-pieces  fit  comfortably,  that 
the  pressure  is  right,  and  that  extraneous  sounds  are  excluded. 

With  a  good  instrument,  even  with  the  unaided  ear,  and  a  fair  amount 
of  training  the  sounds  vvhich  constitute  auscultatorv  signs  may  be  heard. 
The  problem  in  diagnosis  is  their  proper  interpretation. 

The  phonendoscope  of  Bianchi  consists  of  a  shallow  metallic  circular 
chest-piece  with  vibrating  hard-rubl>er  disks  and  soft-rubber  tubing  con- 
ductors  to  the  ear-pieces.  It  is  readily  applied,  and,  while  it  intensifies  the 
sounds,  does  not  produce  exaggerated  sounds.  It  is  especially  usefui  in 
auscultatory  percussion. 

In  the  Bo\vles  stethoscope  the  chest-piece  is  constnicted  with  a 
vibrating  hard-rubber  diaphragm  with  the  attachment  for  the  conducting 
tubes  at  a  right  angle  to  its  central  axis.  Multiple  attachments  are  made 
for  class  demonstration.  The  sounds  are  intensified  and  the  elaim  has 
been  made  that  cardiac  murmurs  otherwise  inaudibie  may  be  di8tiiictly 
heard.    The  flat  chest-piece  is  e8pecially  serviceable  in  the  esamination 
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of  the  back  of  the  chest  in  persons  too  ill  to  be  moved,  sinoe  it  may,  by  push- 
ing  the  bedclothes  down,  be  slipped  under  the  patienfs  back  at  different 
points  without  changing  his  position.  Combination  forms  in  which  the  Bo wles 
attachment  is  fitted  into  the  chest-piece  of  an  ordinarv  stethoscope  are  sold. 

The  differential  stethoscope  of  Alison  has  two  chest- 
pieces  with  separate  conducting  tubes.  This  instrument 
enables  the  exan)iner  to  compare  the  sounds  heard  at 
different  parts  of  the  chest  and  to  study  differences  in 
their  acoustic  properties  as  well  as  in  the  tirne  of  their 
occurrence.  Notwithstanding  its  value  it  has  not  come 
into  general  use. 

The  Technic  of  Auscultatlon.  —  The  following  gen- 
eral rules  are  to  be  observed: 

1.  The  patient's  attitude  should  in  so  far  as  possible 
be  comfortable  and  unconstrained. 

2.  Let  the  chest  be  bared  or  covered  only  with  a 
towel  or  single  layer  of  undergarment.  When  the  steth- 
oscope is  used  it  is  better  to  have  the  chest  bare. 
When  direct  auscultation  is  practiced  it  is  convenient 
and  fitting,  though  not  essential,  to  have  a  layer  of  thin 
stuff  between  the  ear  of  the  examiner  and  the  skin  of 
the  patient.  Auscultation  cannot  be  properly  performed 
through  the  patienfs  ordinary  clothing.  The  superim- 
posed  layers  of  several  garments,  silk  fabrics,  and  the 
suspenders  or  corsets  not  only  mask  the  sounds  vvithin 
the  chest  but  also  give  forth  sounds  of  their  own  upon 
respiratory  movements. 

3.  In  indirect  auscultation  apply  the  chest-piece 
of  the  stethoscope  closely  to  the  surface,  steadying  it 
by  grasping  it  between  the  thumb  and  index  finger. 

4.  If  the  single  stethoscope  is  used,  it  must  be 
applicd  perpendicularly  to  the  surface.  If  it  is  tilted, 
external  sounds  are  not  excluded. 

5.  The  stethoscojK*  must  be  applied  very  lightly  in 
auscultation  of  blood-vessels.  The  rim  of  the  instru- 
ment may  cause  a  murmur  in  the  vessels  at  the  root  of 
the  neck  or  in  the  abdominal  aorta  by  causing  the 
physical  condition  to  which  such  murmurs  are  due, 
namely,  sudden  narrowing  of  the  lumen— stenosis. 

6.  Examine  the  chest  in  a  routine  manner  first  at 
one  apex,  then  at  the  other,  and  at  corresponding  points 
upon  the  two  sides  from  above  downwards,  in  front, 
l)ehind,and  at  the  sides.  Comparison  and  contrast  are  essential  to  auscul- 
tation. Equally  important  are  the  differences  in  the  sounds  upon  ordinary 
quiet  breathing,  full  respiration,  and  coughing.  The  respiratory  signs  are 
to  be  considered  also  in  connection  with  the  signs  upon  auscultation  of 
the  voice.  In  verv  serious  cases,  where  the  patient  cannot  be  disturbed 
or  where  the  condition  can  be  at  once  recognized,  a  complete  systematic 
examination  may  be  omitted. 
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7.  Examine  the  heart  in  the  same  systematic  manner,  plaeing  the 
stethoscope  over  the  puncta  maxima  in  turn  and  noting  the  direction  in 
which  sounds  or  murmurs  are  propagated  together  with  the  presence  or 
absence  of  friction  sounds,  etc. 

8.  Consider  the  patient.  Do  not  fatigue  him  unnece8sarily  either  in 
mind  or  body.  Do  not  cause  distress  by  undue  pressure  of  the  stethoscope 
or  by  insisting  upon  the  repetition  of  deep  breathing  or  cough  when  thev 
give  rise  to  pain.  Conduct  the  examination  with  method,  dispateh,  and 
regard  for  his  feelings  and  do  not  repeat  it  \vith  unneeessary  frequency. 

9.  Consider  yourself.  Assume  a  position  which  enables  you  to  plače 
your  ear  or  the  stethoscope  in  accurate  relation  to  the  surface  to  be  ex- 
amined.  Use  such  patience  ^dth  skill  as  will  render  the  examination 
satisfactory  to  vou.  If,  despite  your  efforts,  the  results  do  not  justifv 
a  diagnosis,  defer  expressing  an  opinion  until  you  have  an  opportunitv 
of  repeating  the  examination  under  more  favorable  circumstances.  In 
dispensary  and  hospital  practice  be  on  vour  guard  against  vermin. 

In  children  auscultation  is  even  more  valuable  in  the  diagnosis  of 
diseases  of  the  chest  than  in  adults.  0\ving  to  the  great  elasticitv  of  the 
walls  of  the  chest  and  the  corresponding  increase  of  resonance,  percussion 
is  of  much  less  general  applicability.  Dulness,  even  when  the  phvsical 
conditions  which  cause  it  are  present,  is  not  usuallv  so  marked  nor  its 
limits  so  easilv  recognized.  nor  do  we  deri  ve  the  same  advantage  from 
comparing  and  contrasting  the  two  sides.  since  the  acute  pulmonarv 
aflfections  of  early  life  are  much  more  frequently  double  than  those  after 
the  second  dentition. 

In  children  the  back  of  the  lungs  should  be  first  listened  to.  The 
diagnosis  mav  often  be  made  at  once  upon  a  careful  and  systematic  exami- 
nation  of  the  back  alone,  after  taking  the  history  of  the  illness  and  noting 
the  svmptoms.  This  is  especiallv  trne  in  acute  and  chronic  bronchitis, 
croupous  and  bronchopneumonia,  and  pleural  effusion.  Crving  is  of  great 
assistance.  The  deep  inspirations  develop  the  signs  characteristic  of  the 
lesions  which  are  present.  and  \ve  also  obtain  the  signs  which  arise  from  the 
character  and  modifications  of  the  vocal  resonance. 

The  position  in  which  the  child  is  examined  by  auscultation  should 
varv  \vith  its  age.  Verv  voung  infants  mav  be  examined  in  either  a  Iving 
or  sitting  posture  on  the  lap  of  the  nurse  or  upon  a  pillow;  or  thev  mav 
be  held  in  the  arms  of  an  attendant  \vho  presents  one  part  of  the  chest 
after  another  to  the  ear  of  the  phvsician.  The  phvsician  hiniself  mav 
hold  the  babv  seated  upon  his  left  hand  and  supported  by  his  right  hand 
applietl  to  the  front  of  its  chest  and  listen  to  its  back  with  his  right  ear. 
Older  children  mav  l>e  held  seated  U|x>n  the  forearm  of  the  mother  or 
nurse  \vith  the  head  resting  upon  her  shoulder  while  the  phvsician  listens 
to  the  back. 

The  difficultv  with  beginners  in  auscultation  is  that  thev  hear  too 
much.  Thev  cannot  at  first  discriminate  Mween  sounds  that  are  signifi- 
cant  and  those  which  are  irrelevant.  The  pt>wer  to  do  this  conies«  bowever. 
with  practice. 

The  most  important  of  the  sound«  whirh,  by  a  process  of  8electi\^ 
attention,  the  youiig  auscultator  must  le^m  to  disregard  are  the  foUowing: 
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1.  OtUside  Noises. — A  quiet  room  and  silence  are  desirable  but  cannot 
always  be  secured.  We  must  train  ourselves  not  to  hear  extraneous  sounds 
while  engaged  in  listening  to  those  which  are  the  object  of  our  immediate 
attention.  ProperIy  fitting  ear-pieces  and  accurate  adjustment  of  the  chest- 
piece  of  the  stethoscope  are  of  help  in  excluding  the  sounds  which  we  do 
not  want  to  hear. 

2.  Accidental  noises  produced  by  the  stethoscope.  These  comprise 
friction  rubs  of  the  instrument  upon  the  skin,  especially  when  it  is  dry  and 
harsh  or  covered  with  coarse  hair;  friction  rubs  of  the  auscultator's  fingers, 
or  his  sleeves,  or  the  like,  upon  the  stethoscope;  friction  or  fine  snapping 
sounds  caused  by  the  movement  of  one  part  upon  another  of  an  adjustable 
stethoscope  of  several  pieces;  sounds  made  by  the  breath  of  the  examiner 
upon  the  rubber  cross-piece  or  steel  spring  of  the  stethoscope,  and  finally 
the  humming  or  buzzing  sound — tinnitus — made  by  the  ear-pieces.  Most  of 
these  sounds  are  easily  recognized  and  avoided.  The  last  is  to  be  dimin- 
ished  by  very  careful  adjustment  of  the  ear-pieces  and  overcome  by  usage. 

3.  AdverUitious  sounds  conducted  by  the  stethoscope  but  not  properly 
constituting  auscultatory  signs.  The  sounds  made  by  the  friction  of  the 
clothing  and  coarse  hairs  are  very  confusing.  The  first  are  easily  obviated; 
the  second  by  practice,  by  applying  the  chest-piece  beyond  the  borders 
of  the  hairy  patch,  or  by  the  use  of  oil.  Sounds  produced  by  the  contraction 
of  muscular  masses  may  often  be  heard,  especially  upon  deep  breathing, 
in  various  parts  of  the  chest  and  in  particular  o  ver  the  pectorals  and  tra- 
pezii.  These  sounds  are  faint  and  variable  in  kind  but  often  quite  distinct. 
They  can  be  produced  upon  the  forcible  contraction  of  any  muscle.  The 
thenar  mass,  for  example,  when  contracted  with  the  stethoscope  applied 
over  it,  affords  a  good  illustration  of  such  sounds.  Cabot  has  suggested 
that  auscultatory  sounds  described  as  ''crumpling,'*  **obscure,"  *'distant." 
and  "  indeterminate "  rdles  are  in  reality  due  to  muscular  contractions. 
The  faet  that  such  sounds  are  very  often  associated  with  distinct  or  easilv 
recognized  rAles  and  other  evidences  of  pulmonary  disease  and  occur  in 
individuals  with  atrophic  chest  muscles,  should  put  us  on  our  guard  against 
hasty  conclusions. 

Auscultation  as  Applied  to  the  Diagnosis  of  Diseases 

of  the  Organs  of  Respiration. 

It  is  of  practical  importance  that  the  movement  of  the  tidal  air  on 
quiet  breathing  is  in  many  persons  not  sufficient  to  cause  auscultatory 
phenomena  of  significance.  It  becomes  necessary  then  to  listen  to  the 
chest  during  deep  or  forced  respiration.  If  the  patient  is  stupid  or  awk- 
ward,  difficulties  arise.  He  holds  his  breath.  or  pants,  or  makes  strange 
noises,  or  does  not  appear  able  to  take  a  deep  breath.  You  show  him  how 
to  breathe  for  the  examination  or  you  ask  him  to  cough,  listening  to  the 
re8piratory  signs  during  the  deep  inspiration  \vhich  follows  or  precedes, 
or  you  ask  him  to  count  as  long  as  he  can  with  a  single  breath.  The  full 
breath  which  follows  enables  us  to  ascertain  the  presence  or  absence  of 
abnormal  signs.  These  difficulties  are  usually  encountered  in  subacute 
and  doubtful  eases.  In  acute  cases  and  in  chronic  cases  with  advanced 
Imods  the  signs  are  commonly  distinctive  upon  ordinary  breathing. 
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THE  SIONS  IN  HEALTH. 


Auscultation  of  the  normal  chest  discovers  two  respiratory  sounds 
which  are  typical: 

1.  TrachecUf  bronchial,  or  tubular  breathing, 

2.  Vesicular  breathing^  and  conibinations  of  these  types  in  varying 
degree,  namely, 

3 .  Bronchovesicular .  breathing. 

1.  Tracheal,  bronchial,  or  tubular  breathinsr  is  heard  when  the 
stethoscope  is  placed  over  the  thyroid  cartilage,  over  the  trachea  in  the 
episternal  notch,  and  in  the  upper  part  of  the  interscapular  space  upon  the 
right  side — normal  bronchial  respiration.  Sometimes  nearly  pure  bronchial 
breathing  can  be  heard  in  health  over  the  manubrium  sterni  or  the  three 
lo\ver  cervical  vertebrae. 

It  has  its  origin  in  the  larynx,  and  is  sometimes  for  that  reason  spoken 
of  as  laryngeal,  and,  from  the  situations  at  which  it  is  heard  in  health, 
tracheal  or  bronchial.  Since  it  is  conducted  along  the  column  of  air  in  the 
bronchial  system  and  probably  also  along  its  elastic  walls  and  resembles 
the  sound  produced  by  breathing  through  a  tube,  it  is  called  tubular. 

This  type  of  breath  sound  is  heard  with  inspiration  and  expiration, 
these  two  elements  of  the  sound  being  separated  by  a  brief  interval  of  silence 
at  the  end  of  inspiration.  Its  quality  is  bronchial,  tubular,  or  blowing; 
its  pitch  relatively  high  as  compared  with  vesicular  breathing.  The  expira- 
tory  element  is  slightly  more  intense,  usually  of  higher  pitch,  and  siightly 
more  prolonged  than  the  inspiratory  part.  It  may  be  imitated  by  slowly 
breathing  through  the  hollow  of  the  hand,  closed  by  flexing  the  fingers 
till  their  tips  touch  thenar  and  hypothenar  eminences,  or  through  the 
lips  and  teeth  held  in  the  position  to  sound  the  German  cA. 

It  is  produced  at  the  chink  of  the  glottis  where  the  air  upon  inspira- 
tion and  expiration  is  thrown  into  eddies  or  swirls — fluid  veins.  For  the 
reason  that  a  similar  mechanism  is  involved  in  the  production  of  vesicular 
breathing  and  cardiac  and  vascular  murmurs,  it  may  properly  be  considered 
at  this  point. 

The  Theory  of  Fluid  Veins.  —  Chauveau  pointed  out  the  fact  that 
when  a  fluid  is  forced  under  pressure  from  a  narrow  into  a  wider  tube  or 
channel,  or  through  a  narrow  opening  into  a  large  cavity  or  space,  it  is 
thrown  into  swirls  or  eddies,  the  vibrations  of  which,  transmitted  to  the 
enclosing  substance  and  to  the  surrounding  air,  are  recognized  as  auditory 
phenomena.  These  swirls  have  been  called  fluid  veins.  They  are  eurrents 
within  eurrents,  and  their  vibrations  are  not  only  transmitted  lateraily 
but  also  longitudinally  in  the  stream  in  which  they  exi8t,  so  that  the  sounds 
are  heard  over  the  point  at  which  they  are  produced  and  at  a  distance  in 
the  direction  of  the  flow.  The  extent  and  force  of  these  8wirl8  and  the 
consequent  loudness  of  the  sound  by  which  they  are  represented  depend 
to  some  extent  upon  the  composition  and  density  of  the  fluid  but  mainly 
upon  the  force  of  the  current.  The  študent  will  realize  the  nature  of  fluid 
veins  and  the  part  they  play  in  the  production  of  the  bronchial  respiration 
and  the  vesicular  murmur, — for  the  air  acts  in  the  same  way  as  other 
fluids, — and  especially  their  part  in  the  production  of  endocardial  and  vas- 
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cular  murmurs,  if  he  considers  the  course  of  a  rivulet  which  flows  at  one 
tirne  down  a  steep  and  rapid  course,  and  at  another  along  a  nearly  level 
bed  with  even  sides  and  a  smooth  bottom,  and  now  as  a  gentle  stream  and 
again  with  considerable  force.  The  qmet  current  flowing  in  even  banks 
is  smooth  and  noiseless,  while  the  little  torrent  in  its  rocky  bed  has  its 
surface  thrown  into  eountless  screw-like  swirl8,  and  murmurs  or  roars, 
according  to  the  force  and  volume  of  the  water.  The  stream  is  an  open 
channel;  the  respiratory  and  vascular  spaces  are  closed  tubes;  but  the 
mechanism  by  which  the  sounds  are  produced  is  the  same  in  each.  It  is 
e\'ident  that  the  intensity  of  the  bronchial  respiration  \vill  vary  with  the 
quantity  of  the  tidal  air,  the  force  \vith  which  it  passes  through  the 
^ottis,  the  distance  at  which  it  is  heard,  and  the  conducting  properties 
of  the  media  through  which  it  is  transmitted.  Variations  in  pitch  depend 
upon  the  size  and  shape  of  the  spaces — pharynx,  buccal  cavity,  trachea, 
etc. — which  constitute  resonating  chambers  in  relation  \vith  the  larynx. 
We  are  thus  prepared  to  find  wide  differences  in  intensity  and  pitch  in  the 
breath  sounds  which  have  the  characteristic  tubular  or  bronchial  quality. 

2.  Vesicular  Breatbinj^. — Respiration  of  this  type  is  heard  when  the 
stethoseope  is  placed  elsewhere  o  ver  the  chest  where  the  lungs  are  in 
contact  with  the  chest  wan,  namely,  in  the  front  of  the  thorax  with  the 
exception  of  the  area  of  superficial  cardiac  and  hepatic  dulness,  in  the 
infrascapular  regions  and  in  the  axillary  and  the  upper  part  of  the  infra- 
axillary  regions.  In  the  right  interscapular  region  the  breathing  in  health 
is  usually  broncho vesicular,  the  vesicular  element  predominating. 

This  sound  has  its  origin  in  the  parenchyma  of  the  lung,  and  is  due  to 
the  transmission  of  the  vibrations,  caused  by  fluid  veins  or  swirls  in  the 
air  passing  into  and  out  of  the  infundibula  and  alveoli,  to  the  surface  of 
the  chest.  The  hypothesis  that  the  vesicular  respiration  is  merely  a  modi- 
fication  of  the  bronchial  appears  to  me  to  rest  upon  insufficient  facts.  This 
type  of  breathing  is  heard  throughout  the  whole  act  of  inspiration,and  is 
immediately  followed,  vvithout  an  interval  of  silence,  by  a  short  but  incon- 
stant  expiratory  sound.  The  inspiratorv  portion  is  low  in  pitch  as  com- 
pared  with  bronchial  respiration,  of  variable  intensity,  and  has  the  char- 
acteristic quality  described  as  vesicular,  which  is  to  be  learned  only  by 
experience.  It  is  sometimes  called  the  vesicular  murmur,  and  it  may  be 
of  service  to  the  študent  to  note  that  it  possesses  the  distinguishing  peculiar- 
ity  of  murmurs,  namely,  that  they  are  sounds  made  up  of  a  multitude  of 
small  sounds,  aH  having  about  the  same  acoustic  properties,  as  \ve  speak 
of  the  murmur  of  a  crowd.  of  the  leaves  of  the  forest,  of  the  sea,  and  so  on. 
The  expiratory  part  is  stili  lower  in  pitch  than  the  inspiratorv,  much  less 
intense,  frequently  absent  altogether,  and  does  not  exceed  one-third  the 
length  of  the  latter. 

The  vesicular  murmur  is  not  equally  intense  in  ali  parts  of  the  chest. 
It  is  loudest  in  the  infradavicular,  axillary,  and  infrascapular  regions,  and 
fainter  at  the  bases  in  front  and  l^ehind.  That  is  to  sav,  it  is  loudest  over 
large  masses  of  lung  tissue  and  faintest  over  the  thin  wedge-shaped  borders. 
But  it  is  also  less  distinctly  heard  in  the  mammary  and  scapular  regions. 
We  conclude  therefore  that  it  is  not  \vell  conducted  through  thick  layers 
of  muscle,  bone,  and  fat.  Wherever  heard,  whether  loud  or  faint,  it  retains 
11 
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its  characteristic  breezy  quality  and  low  pitch,  and  the  relative  duration, 
intensity,  and  pitch  of  the  inspiratory  and  expiratory  elements  are  preserved. 

The  vesicular  murmur  is  feeble  and  distant  on  8hallow  breathing  and 
intense  upon  deep  breathing^  especially  after  prolonged  deep  breathing  as 
after  exertion.  It  is  intense  over  the  unafTeeted  lung  in  cases  in  which  the 
opposite  lung  has  been  thrown  out  of  serviee  by  disease^  and  in  healthy  ehil- 
dren,  henee  it  is  spoken  of,  when  thus  intensified,  as  '*puerile"  or  '*exagger- 
ated' '  respiration.  Intense  vesicular  respiration  somewhat  modified  is  s]X>ken 
of  as  **rough'';  just  as  bronchovesicular  respiration  is  often  called  "harsh." 

3.  Bronchovesicular  Breathins:.  —  This  form  of  respiration,  as  the 
name  indicates,  has  the  characteristics  of  both  bronchial  and  vesicular 
breathing  and  consists  in  fact  of  a  breath  sound  in  which  both  are  present. 
It  is  heard  in  the  normal  chest  very  often,  but  not  invariably  directly  below 
the  right  clavicle,  and  quite  constantly  at  the  sternal  borders  opposite  the 
lower  part  of  the  manubrium  and  in  the  upper  portions  of  the  interscapular 
spaces,  namely,  in  situations  in  which  both  sounds  are  within  range  of 
hearing.  Many  of  the  difficulties  regarding  bronchovesicular  respiration 
are  solved  when  we  recognize  the  fact  that  it  is  made  up  of  the  two  forms 
in  varying  degrees  of  combination,  so  that  it  sometimes  presents  the  traits 
of  bronchial  breathing  slightly  modified  by  the  admixture  of  faint  vesicular 
breathing  and  sometimes  those  of  vesicular  breathing  slightly  modified 
by  bronchial,  and  between  these  two  we  encounter  every  grade  of  admixture. 
This  gradation  by  which  the  breath  sound  passes  from  bronchial  to  the 
vesicular  respiration  may  be  heard  in  the  normal  chest  by  moving  the 
stethoscope  from  point  to  point,  starting  at  that  part  of  the  manubrium 
over  which  bronchial  breathing  is  heard  and  advancing  towards  the  nipple 
where  the  vesicular  murmur  alone  can  be  recognized.  The  inspiration 
becomes,  as  we  proceed,  lower  in  pitch,  less  intense,  and  longer  in  duration, 
and  the  expiration  also  lower  in  pitch  and  less  intense,  but  shorter  in 
duration.  The  interval  of  silence  which  is  characteristic  of  bronchial 
respiration  is  fiUed  by  the  vesicular  element  in  bronchovesicular  respiration. 
This  interval  of  silence  is  present  in  bronchial  breathing  because  the  swirls 
— fluid  veins — by  which  the  vibrations  causing  the  sound  are  produced. 
arise  at  a  single  point,  the  glottis,  and  there  is  at  that  point  an  interval  of 
equilibrium  between  the  flood  tide  of  inspiratory  and  the  ebb  tide  of  expira- 
iory  air.  The  vesicular  murmur,  on  the  other  hand,  is  produced  at  a 
multitude  of  different  points,  and  the  moment  of  silence  is  as  variable  as  the 
5ndiv:dua!  little  sounds  which  cover  the  whole  time  of  the  in8piratory 
act,  since  vesicles  at  the  distant  periphery  of  the  lung  are  stili  expanding 
when  those  nearer  the  inlet  ha  ve  ceased  to  dilate. 

The  conditions  which  modify  the  bronchial  respiration  as  a  physical 
sign  and  those  which  modify  the  vesicular  murmur  also  modify  the  broncho- 
vesicular breathing.  It  therefore  presents  differences  in  inten8ity,  dura- 
tion. and  pitch.  corresponding  to  variations  in  the  quantity  and  force  of 
movement  of  the  tidal  air,  to  the  size  and  shape  of  the  resonating  chambers 
formed  by  the  upper  air  spaces  and  the  tracheobronchial  8ystem  and  the 
physical  condition  of  the  intervening  tissues  through  which  the  sounds  are 
eonducted  to  the  ear.  The  qualities  of  the  two  component  type8  of  breath- 
ing. though  they  vary  in  proportion,  are  not  changed. 
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It  is  essential  for  the  študent  to  become  familiar  with  these  three 
forms  of  normal  breath  sounds  and  the  localities  in  which  they  niay  be 
heard  in  the  normal  chest.  Familiarity  with  normal  physical  signs  is  the 
first  step  towards  the  recognition  of  those  which  are  abnormal. 

Bronchial  breathing  is  heard  in  the  front  of  the  neck  and  over  the 
upper  part  of  the  manubrium,  vesicular  breathing  over  the  greater 
part  of  the  chest,  as  above,  because  the  mechanism  by  which  they  are 
re8pectively  produced  is  situated  in  the  regions  indicated.  Broncho- 
vesicular  respiration  is  heard  normally  over  the  lower  part  of  the  manu- 
brium and  laterally  to  it  and  in  the  interscapular  spaces  because  both  its 
factors  are  within  the  range  of  hearing.  Bronchial  respiration  is  heard  in 
the  right  interscapular  space  and  bronchovesicular  respiration  is  more 
prominent  (bronchial)  over  the  upper  part  of  the  right  lung  by  reason  of 
the  larger  size  and  higher  origin  of  the  large  bronchus  on  the  sight  side. 

Bronchial  or  tubular  breathing  is  conducted  in  the  column  of  air  in 
the  bronchial  tree  to  its  remote  twigs.  It  is  not  conducted  to  the  surface 
of  the  chest  because  the  vibrations  are  on  the  one  hand  lost  in  the  mass 
of  cu8hiony,  elastic  vesicular  tissue  which  constitutes  the  lung  parenchyma, 
and  on  the  other  hand  the  bronchial  sound  is  drowned  in  the  vesicular 
murmur.  When  this  tissue  becomes  solidified  by  compression — atelectasis 
— or  by  an  exudate — pneumonia,  tuberculosis — the  vesicular  murmur  is 
done  away  with  and  the  vibrations  conducted  by  the  bronchial  tubes  are 
freely  transmitted  to  the  surface. 

THE  SION  S  IN  DISEASE. 

The  auscultatory  phenomena  which  constitute  abnormal  or  morbid 
phy8ical  signs  are  (a)  variations  in  the  intensity  and  rhythm  of  the  breath 
sounds,  (b)  normal  physical  signs  heard  in  abnormal  situations,  and  (c) 
purely  adventitious  sounds. 

(a)  Variations  in  lntensity  and  Rhythni. — Broncliial  Respiration. — 
It  has  been  explained  that  bronchial  respiration  heard  beyond  the  limits 
of  certain  regions  of  the  chest  in  which  it  is  normally  present  is  usually 
due  to  the  consolidation  of  lung  tissue — atelectasis;  presence  of  an  exudate, 
as  in  pneumonia,  tuberculosis,  etc.  It  may,  however,  arise  in  connection 
with  cavities  in  the  lungs  or  pneumothorax.  Under  these  circumstances 
there  are  layers  and  masses  of  compressed  or  Consolidated  lung  tissue 
present  and  the  peculiar  modification  of  the  bronchial  respiration  is  prob- 
ably  due  to  the  fact  that  the  cavity  acts  as  a  resonating  space.  Bronchial 
respiration  varies  greatly  in  pitch.  This  variation  is  the  outcome  of  com- 
plex  conditions  not  fully  understood,  but  has  been  attributed  to  the  rela- 
tive  size  of  the  tubes  or  cavities  from  which  the  sound  is  directly  conducted 
through  Consolidated  tissue  to  the  ear.  The  pitch  is  usually  high  and  the 
sounds  whiffing  or  snoring  in  pneumonia  of  the  lower  lobes,  especially  in 
children,  and  low  and  the  sound  soft  and  sighing  or  metallic  over  cavities. 

The  following  varieties  of  bronchial  respiration  are  to  be  especially 
considered: 

1.  Feeble  and  distarU  bronchial  respiration  is  often  heard  in  central 
pneumonia  and  pulmonary  infarct  and  over  a  pleural  effusion.     In  the 
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former  čase  the  bronchial  breathing  may  be  only  heard  upon  deep  inspira- 
tion  and  is  therefore  inconstant;  in  the  latter  it  is  frequently  so  faint  as 
to  be  overlooked.  The  sound  is  conducted  by  the  chest  wall  or  by  tense 
adhesions,  the  result  of  former  attacks  of  pleurisy. 

2.  Intcnse  bronchial  breathing  usually  conveys  the  sensation  of  being 
close  to  the  ear,  that  is.  well  conducted.  It  accompanies  dense  consolida- 
tion  of  the  lung  in  which  \'icarioiis  or  supplemental  respiration  is  well 
established. 

3.  Absence  of  bronchial  respiration  or  its  sudden  disappearance  under 
conditions  in  which  the  mechanism  for  its  conduction  exists  niay  be  due 
to  the  plugging  of  a  large  bronchus  \vith  a  mass  of  tenacious  exudate. 
The  disappearance  of  cavernous  or  amphoric  respiration  often  results  from 
the  accumulation  of  fluid  within  the  walls  of  the  cavitv.  Under  these  cir- 
cunistancos  the  bronchial  respiration  returns  after  cough  and  expectoration. 

4.  Cavernous  respiration  is  a  varietv  of  bronchial  breathing  sometimes 
heard  over  a  cavitv.  It  is  low  in  pitch.  soft  in  quality,  and  the  expiratory 
element  is  prolong^. 

5.  Am})horic  respiration  is  a  varietv  which  has  the  peculiar  quality 
heard  when  one  produces  a  sound  by  blo^ing  across  the  mouth  of  an  emptv 
jar  or  lxntle.  The  pitch  is  variable.  usuallv  low.  and  the  sound  is  hollow. 
nietallic.  and  musical.  Amphoric  respiration  is  never  heard  over  the  normal 
chest,  and  indicates  a  superficial  cavitv  with  rigid  walls — or  pneumothorax 
— having  free  communication  >*ith  a  large  bronchus.  The  sound  mav  be 
imitateil  by  whispering  •'\vho"  with  some  force  and  the  lips  heid  rigid. 

Vesicular  Respiratioo  —  The  normal  vesicular  murmur  undergoes 
DKRlitications  in  intensitv  and  rhvthm  which  are  of  diagnostic  significance. 

1.  Fffble  t>rsicuiar  respiration  primarilv  indicates  diminution  in  the 
quantity  and  energ>'  of  the  nK>vement  of  the  tidal  air.  Hence  it  is  present 
in  varving  degree:?  in  quiet  breathing  in  agpd  and  bed-ridden  persons. 
in  (^arctic  ix>nditions  of  the  respiratorv  musoles.  including  the  diaphragm. 
when  the  nn^ven^nt  of  the  diaphragm  is  impeded  by  meteorism.  ascites. 
aUlominal  tumor,  or  pregnanov.  The  \"e:?icular  murmur  is  often  feebly 
hcan.!  Uvaui^  it  is  poorlv  ixmducted.  as  in  verv  thick  chest  walls.  In 
pleural  adhesions  the  ex|\ansion  of  the  j^eripherv  of  the  lung  mav  be  em- 
l>arni:?5!!evl,  and  wiih  thiokening  c\>nduoiion  is  al^o  impaired.  A  thin  laver 
of  offusion  or  a  tunx^r  aots  in  the  same  >R~ay.  In  pneumothorax  the  lung 
is  ^vmprvsš^E^l  and  r^nx^ve\i  fr^^^ni  t»ntact  with  the  chesi  wall,  and  the 
»i**ioular  iv.urmur.  if  hearvi  at  aU.  is  fair.t  .snd  distant.  In  acute  bronchitis 
the  swoHir.c  of  :he  r.:uc\>sa  and  tht^  ^rt^^n:^^  of  the  exudate  interfere  with 
the  a^^vss  of  Air  :o  the  \v;^o:es  and  rr>nvrtj\^na:eiv  er.feebie  the  vesicular 
nu:rn*.i:r.  t^i^viallv  o\vr  th^^  Iv^x^\'^r  »olvis  h:  ohivnio  bconchitis  enfeeble- 
n>er.t  i<  l"n^xich:  ,'4lx^i:T  by  :he  ai>.v:r.:v%n>;r,c  er.::>h>^:5ipis»  and  restricted 
nH^\or.vr.:5  ot  the  oht^i, 

Ir.  ^xM:o:>s:ion  .sr.d  awtv-Si  o:  :he  'ur.is  :Se  nrumvir  is  enfeebled. 

Kjv.ph\ :^mvj^  ':\>  ::r.i\*;r.r^^  :bo  e^,v^:.;:>  t^:  :Sc  >.irxs  aad  restricting 
the  rv!Si>irator\  t*v**urs;;<  ir.irrwfc:?^ft?  :Sc  rv^^i;;**  arsi  viiinirJsbei?  ihe  tidal  air. 
:h^x<  nrr.iier.r.c  t  ho  \x>avuUr  r.r4;rr/,ur  :a;:M  arjvi  ir;  r«^  cftscs  almost 
vhoilv  Ahohshiuc  i:  l\un.  as  in  {iif^rb.>  nre<;vi$  ike  re»pinilory 
iQOvy«)efit  and  niiiKirrs  the  x^hsk«ilar  ^^Hiti^i  tiu?ii 
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Occlusion  of  the  upper  air-passages,  as  by  spasm,  oedema  of  the  glottis, 
the  presence  of  an  exudate,  as  in  diphtheria,  quinsy,  or  retropharyngeal 
abseess,  renders  the  murmur  feeble  in  proportion  to  the  extent  of  the 
obstniction.  Pressure  upon  the  trachea  or  a  primary  bronchus  by  aneurism, 
tumor,  or  enlarged  lymph-gland  acts  in  the  same  way.  A  foreign  body 
or  a  plug  of  tenacious  mucus  in  a  bronchus  enfeebles  the  respiratory  murmur 
in  the  corresponding  region  to  a  degree  proportipnate  to  the  stenosis.  In 
such  conditions  the  occurrence  of  r^les  obscures  the  enfeeblement  of  the 
respiratory  sounds  and  the  latter  will  be  overlooked  unless  made  the 
subject  of  especial  attention.  • 

2.  Absence  of  the  i^esicular  murmur  may  be  noted  o  ver  an  area  of  the 
chest  more  or  less  extensive  when  the  obstruction  to  a  bronchus  in  any  of 
the  foregoing  conditions  is  complete.  Marked  obstruction  of  the  upper  air- 
passages  is  at  once  followed  by  the  signs  of  asphyxia.  The  murmur  is 
absent  over  the  greater  part  of  the  chest  in  rare  cases  of  advanced  emphv- 
sema,  and  no  respiratory  sound  is  heard  over  a  pneumothorax  not  com- 
municating  with  a  bronchus,  a  large  pleural  effusion  and  locally  over  limited 
areas  in  some  cases  of  cirrhosis  of  the  lung  and  at  the  apex  in  rare  instances 
in  beginning  tuberculosis. 

3.  IrUensified  or  eiaggerated  vesicular  breathing — puerUej  vicarious,  or 
eompen8atory  respiration — is  normal  in  childhood  and  gradually  decreases 
until  some  time  before  puberty  the  intensity  of  the  sound  becomes  that 
of  adult  life.  It  occurs  in  health  after  exertion  and  in  dyspnoea  from 
al  most  any  cause  in  \vhich  there  is  no  obstruction  to  the  entrance  of  air. 
It  occurs  over  one  lung  when  the  other  is  put  out  of  service,  as  in  pneu- 
monia^  large  eflfusion,  tumor,  etc,  and  in  some  instances  over  a  portion 
of  one  lung  under  similar  conditions,  hence  the  adjectives  vicarious  and 
compenstttory. 

4.  Derangements  of  rhythm  occur  in  emphys€may  in  which  the  loss  of 
elasticity  relatively  prolongs  the  expiratory  act  and  the  expiratory  sound; 
in  asthma,  in  which  the  dyspnoea  is  expiratory,  in  the  ordinary  dyspnoea 
or  panting  of  great  exertion,  in  which  the  inspiratory  and  the  expiratory 
breath  sounds  are  nearly  equal,  and  in  various  forma  of  inspiratory  dyspnoea 
which  are  attended  by  diminution  of  the  intensity  and  prolongation  of 
the  inspiratory  element  of  the  ve.sicular  murmur. 

5.  Inierrupted  or  cogwheel  inspiration  is  characterized  by  a  series  of  t\vo, 
three,  or  four  inspiratory  sounds  instead  of  the  normal  continuous  murmur. 
It  indicates  in  some  instances  a  fault  in  the  muscular  function  and  occurs 
during  periods  of  excitement  or  during  a  chill;  more  commonly  it  is  a  sign 
of  early  pulmonarv  tul)erculosis,  the  air  entering  adjacent  lobules  in  turn 
as  the  force  of  inspiration  increases.  It  is  usually  heard  in  limited  areas. 
When  restricted  to  the  precordial  space  it  is  significant  of  pressure  of  the 
heart  upon  the  lx)rders  of  the  lung — cardiopulmonarv  murmur.  In  some 
instances  the  respiratorv  sound  is  not  actuallv  broken,  but  wavy  or  jerk3% 
and  is  then  described  under  these  terms.  It  is  not  rarely  present  in  tuber- 
culosis before  the  disease  has  shown  itself  by  other  signs,  and  individuals 
who  present  it  should  be  carefullv  watched.  In  other  cases  it  is  wholly 
without  diagnostic  significance,  which  it  acquires  only  in  conjunction  with 
other  phy8ical  signs  or  the  symptoms  of  pulmonary  disease. 
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(b)  Normal  Physical  Si^s  in  Abnormal  Situations. — Normal  Sounds 
Heard  in  Abnormal  Situations. — Note  the  relative  duration  of  the  inspir- 
atory  and  expiratory  sounds  and  determine  the  presence  or  absence  of  an 
interval  of  silence  between  them  and  the  quality  of  the  sound,  whether  soft 
and  breezy — vesicular  murmur;  blowing  and  tubular— bronchial  breathing; 
or  whether  these  qualities  are  both  present — bronchovesicular.  The  most 
important  facts  for  the  be^nner  in  the  recognition  of  bronchovesicular  respi- 
ration  are  the  prolongation  and  relatively  high  pitch  of  the  expiratory  sound. 

Perfectly  normal  vesicular  respiration  is  rarely  heard  in  other  than  its 
extensive  normal  domain  in  the  chest.  The  rare  cases  of  dextrocardia  are 
attended  with  dislocation  of  the  precordial  space,  and  fibroid  contraetion 
of  one  lung  frequently  displaces  the  border  of  the  opposite  lung  towards 
the  affected  side  so  that  it  occupies  the  area  of  superficial  cardiac  dulness 
in  whole  or  in  part.  The  modified  respiration  of  emphysema,  faint  and 
prolonged,  is  sometimes  heard  in  the  precordia  and  over  the  upper  normal 
area  of  the  liver  dulness. 

Bronchovesicular  and  bronchial  respiration  are  on  the  contrary  com- 
mon  and  significant  signs  of  disease  in  the  chest.  The  lesions  are  commonl v 
progressive,  and  bronchovesicular  usuallv,  both  in  acute  and  chronic  affec- 
tions,  precedes  and  progressivelv  develops  into  bronchial  respiration. 
Pulmonary  consoUdation  either  from  compression  or  infiltration  is  the 
underlving  phvsical  condition  and  reaches  its  extreme  development  whether 
rapidlv  or  slowly  by  progressive  advance. 

These  signs  are  heard  over  the  compressed  lung  in  the  following 
conditions:  pleural  effusion,  the  area  in  which  they  are  present  becom- 
ing  more  limited  and  the  respiration  more  characteristically  bronchial 
as  the  effusion  augments;  pericardial  effusion;  pneumothorax,  in  which 
more  or  less  complete  compression  of  the  lung.  unless  prevented  by  old 
partial  adhesions,  takes  plače  rapidly;  tumor  of  the  lung  or  pleura;  massive 
enlargement  of  the  heart,  and  large  aortic  aneurism.  They  are  heard  over 
the  lung  undergoing  solidification  or  already  solidified  from  infiltration  in 
tuberculosis,  bronchopneumonia.  croupous  pneumonia,  pulmonary  infarct. 
As  alreadv  pointed  out,  distant  bronchial  breathing  may  frequently  be  heard 
over  an  effusion.  It  remains  to  point  out  the  more  important  fact  that 
loud,  distinct,  and  well-i»onducted  bronchial  respiration  is  by  no  means 
uncommon  over  pleural  effusions  of  large  amount  in  thin-walled  individuals 
and  especiallv  in  children.  This  sign  is  conduct^  from  the  compressed 
lung  by  \vay  ef  the  wall  of  the  chest  and  probablv  in  some  cases  also  along 
bands  of  old  adhesions  tightlv  stretched  between  the  compressed  lung  and 
the  chest  wall  by  the  force  of  the  accumulating  fluid.  In  pneumothorax 
the  varietv  of  bronchial  breathing  known  as  amphoric  is  heard  when  there 
is  free  communication  between  the  pleural  cavity  and  a  bronchus. 

Cavernous  or  amphoric  respiration  mav  be  heard  over  cavities, 
whether  due  to  the  breaking  down  of  lung  tissue  (tuberculoeb,  abscess, 
gangrene)  or  to  dilatation  of  bronchi  (bronchiectasis).  Deep-seated  cavi- 
ties  due  to  anv  of  these  causes  mav  be  attended  with  distinct  bronchial 
respiration  vet  be  difficult  to  locate  with  precision. 

Bronchovesicular  respiration  must  be  distinguished  on  tlie  one  hand 
from  puerile  or  exaggerated  vesicular  resiHration  and  on  the  other  from 
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bronchial  respiration.  The  breezy  quality,  low  pitch,  short  expiratory 
element,  and  absence  of  a  period  of  silence  between  inspiration  and  expira- 
tion  are  characteristic  of  the  former,  however  intense.  The  tubular  quality, 
relatively  high  pitch,  longer  expiratory  sound,  and  an  interval  of  silence 
are  distinctive  of  the  latter,  and  between  the  two  are  ali  degrees  of  transi- 
tional  sounds.  Normal  in  the  right  infraclavieular  region,  at  the  upper 
sternal  borders,  and  in  the  neighborhood  of  the  upper  dorsal  vertebrae, 
bronchovesicular  respiration  elsewhere  in  the  chest  becomes  a  sign  of 
disease,  and  denotes  partial  consolidation  of  the  lung,  patches  of  collapse 
or  infiltrated  lung  or  consolidation  with  intervening  normal  vesicular 
tissue.  This  sign  is  present  in  early  pulmonary  tuberculosis,  at  the  borders 
of  the  exudate  in  croupous  pneumonia,  in  bronchopneumonia,  and  in 
incomplete  atelectasis  from  any  cause. 

(c)  Adventitious  Sounds. — Purely  adventitious  respiratory  signs 
are  of  two  kinds:  (1)  Rdles,  which  are  produced  by  abnormal  conditions 
within  the  lungs,  and  (2)  friction  sounds  which  originate  in  the  pleura. 

1.  RAles. — Literally  a  r&le  is  a  **rattle''  and  may  be  defined  as  an 
abnormal  respiratory  sound  heard  on  auseultation.  Rales  are  grouped  as 
dry  or  moist  according  to  the  impression  eonveyed  to  the  mind  as  to  the 
presence  or  absence  of  fluid  in  the  mechanism  by  which  they  are  produced. 
They  are  laryngeal,  tracheal,  bronchial,  vesicular,  and  cavernous,  according 
to  the  situations  in  which  they  occur. 

In  general  r&les  or  rhonchi  are  generated  in  the  air-passages  by  the 
ebb  and  flow  of  the  air  when  their  lumen  is  contracted  or  when  they  con- 
tain  fluid — dry  and  moist  bronchial  rdles.  Certain  rales  originate  in  the 
bronchioles  and  vesicular  structure  of  the  lung  (vesicular  r&les),  others 
in  cavities  (gurgling),  and  finally  the  succussion  sound  and  the  sign  known 
as  guUa  cadens  or  metallic  tinkling  ha  ve  their  origin  in  hydropneumothorax. 
R&les  may  be  heard  upon  inspiration  or  expiration  or  during  both  acts. 
They  may  obscure  the  normal  breath  sounds  or  entirely  replace  them. 

Dry  rales  are  produced  by  stenosis  of  the  bronchial  tubes.  This 
naiTOwing  may  be  present  at  one  point  only  as  in  laryngeal  diphtheria  or 
cedema  of  the  glottis,  or  a  tumor  pressing  upon  the  trachea,  but  is  usually 
present  at  the  same  tirne  at  many  points  and  in  many  bronchial  tubes  of 
varying  diameter.  It  is  brought  about  by  a  variety  of  pathological  con- 
ditions, as  a  mass  of  tenacious  mucus  adherent  to  the  surface  of  the  tube, 
«welling  of  the  mucosa  or  submucosa,  spasmodic  contraction  of  the  bronchial 
musculature,  and  the  external  pressure  of  enlarged  glands  or  a  tumor. 
When  this  narrowing  involves  the  smaller  bronchial  tubes  the  r&les  which 
Tesult  are  high  pitched — sibilant;  when  it  affects  the  larger  tubes  the 
r&les  are  low  pitched — sonorous,  They  resemble  the  cooing  of  doves,  the 
hissing  of  geese,  and  have  very  often  a  musical  quality.  Sometimes  they 
are  groaning  or  squeaking.  In  asthma  they  are  often  heard  in  great  variety 
of  size,  pitch,  intensity,  and  quality,  both  upon  inspiration  and  expiration, 
and  appear  and  disappear  with  the  most  remarkable  modifications  and 
great  rapidity. 

Moist  rales  are  caused  by  the  passage  of  air  through  the  bronchi 
when  they  contain  fluid — mucus,  pus,  blood.  The  mechanism  consista  in 
the  presence  of  bubbles  or  diaphragms  before  the  incoming  and  outgoing  air 
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which  continuousljr  burst  and  reform.  When  this  process  takes  plače  in 
the  larger  tubes,  the  bubbles  are.large  and  the  rdles  coarse  or  large  bubbling; 
when  in  the  smaller  tubes,  they  are  finer,  srnaU  bubbling  or  subcrejntant 
rdles.  Large  moist  r&les  are  usually  low  in  pitch;  small  moist  r&les  higher, 
and  in  this  respect  moist  and  dry  r&les  correspond.  The  tracheal  r&le  or 
death-rattle  is  an  example  of  a  very  coarse  rdle;  the  small  moist  or  sub- 
crepitant  rfile  heard  in  bronchopneumonia  in  both  respiratory  acts  is  an 
example  of  a  iBne  moist  rdle. 

Both  dry  and  moist  r&les  vary  in  intensity  and  locality.  The  extent 
of  the  area  over  which  they  are  heard  depends  upon  that  of  the  process 
by  which  they  are  caused;  their  acoustic  characters  upon  the  physical 
changes  produced  by  that  process.  In  bronchitis  rdles  are  very  often  besi 
heard  at  the  bases  of  the  lungs  posteriorly;  in  tuberculous  disease  of  an 
apex,  in  the  subclavicular  region.  R&les  are  very  often  influenced  by  the 
act  of  coughing  and  expectoration.  Dry  r&les  produced  by  pressure  steno- 
sis,  tenacious  exudate  which  cannot  be  dislodged,  or  bronchial  spasm,  do 
not  disappear  upon  coughing. 

Vesicular  or  crepitant  rales  originate  in  the  finest  bronchioles  and 
air-cells.  Notwithstanding  the  diflferences  of  view  in  regard  to  the  mechan- 
ism  by  which  they  are  produced,  the  weight  of  evidence  is  stili  in  favor  of 
the  theory  that  it  is  by  the  inspiratory  separation  of  the  walls  of  terminal 
structures — bronchioles,  alevoli — previously  collapsed  or  held  together  by 
a  thin  layer  of  sticky  exudate  or  serum.  In  support  of  this  theory  the 
following  facts  may  be  adduced:  This  r&le,  at  one  time  held  to  be  pathog- 
nomonic  of  croupous  pneumonia,  is  now  known  to  occur  also  in  other 
pathological  conditions  in  which  an  exudate  or  blood  is  present  in  the 
lung  parenchyma,  as  pulmonary  oedema,  hemorrhagic  infarct,  and  acute 
pneumonic  phthisis.  It  is  common  in  partial  atelectasis — atelectatic 
crepitation  of  Abrams.  Crepitant  r&les  sometimes  associated  with  sub- 
crepitant  r&les  are  frequently  heard  during  deep  inspiration  at  the  bases 
of  the  chest  posteriorly  and  laterally  in  persons  whose  respiration  is  habitu- 
ally  shallow.  This  is  not  only  the  čase  in  bed-ridden  individuals  but  also 
in  many  health}'  persons,  especially  after  middle  age.  The  crepitant  r&le 
is  heard  only  upon  inspiration.  The  subcrepitant  rdle  with  which  it  is 
often  associated  is  usually  coarser  and  slightly  moist. 

The  crepitant  rale  is  usually  heard  to\vards  the  end  of  inspiration; 
the  individual  rales  are  of  the  same  size  anci  intensity  and  thev  often 
occur  in  "showers, ''  a  large  number  of  single  sounds  having  the  same 
acoustic  properties  following  each  other  in  rapid  and  irregular  succession. 

The  crepitant  rale  occurs  in  croupous  pneumonia  at  the.beginning  of 
the  process, —  crepitus  indux, —  disappears  when  the  exudate  undergoes 
coagulation,  and  reappears  together  with  subcrepitant  T&les  when  the 
exudate  undergoes  liquefaction  and  resorption,  —  crepitus  redux.  This 
auscultatory  sign  may  be  imitated  by  placing  a  little  mucilage  between 
the  finger  and  thumb  and  making  repeated  contact  and  separation.  With 
contact  there  is  no  sound,  but  upon  separating  the  thumb  and  finger  a 
string  of  tenacious  mucilage  is  drawn  out  which  finally  snaps  with  a  sharp 
sound  not  unlike  the  rfile.  It  may  also  be  imitated  by  the  craekling  of 
fine  salt  thrown  upon  the  fire,  the  creaking  of  a  silk  garment,  or  lightly 
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rubbing  a  few  strands  of  hair  between  the  thumb  and  finger.  If  the  stetho- 
scope  is  applied  over  the  thick  growth  of  coarse  hair  found  upon  the  chest 
of  many  men,  a  sound  closely  resembling  crepitation  will  be  heard.  Crack- 
Ung  is  the  term  used  technically  to  designate  a  rale  coarser  than  crepitus 
but  having  in  other  respects  similar  acoustic  properties.  This  rdle  eonsists 
of  a  limited  number  of  well-defined  sharp  crackling  sounds  often  heard  in 
beginning  pulmonary  tuberculosis  or  at  the  borders  of  an  advancing  tuber- 
culous  lesion  and  for  this  reason  is  of  considerable  diagnostic  importance. 
The  distinction  between  crepitus  and  crackling  is  not  always  unattended 
with  difficulty.  Crepitus  eonsists  of  a  number  of  fine  sounds,  heard  onlv 
upon  inspiration  and  often  over  a  considerable  area  at  the  base  of  the 
lung;  crackling  of  a  few  sharp,  well-defined,  rather  coarser  sounds  heard  also 
in  inspiration  but  over  a  limited  area  and  commonly  at  the  apex.  It  is 
probable  that  the  mechanism  is  the  same  in  both,  but  that  crackling  occurs 
in  limited  lesions,  hence  only  a  few  individual  sounds  are  heard;  in  wider 
spaces,  terminal  bronchi,  hence  the  sounds  are  coarser;  and  at  a  point 
surrounded  by  densely  Consolidated  tissue,  hence  they  are  better  conducted 
to  the  ear— consonating  rales.  Moist  crackling  and  clicking  are  varieties  of 
crackling  which  are  regarded  as  indicative  of  softening  tubercle.  In  certain 
cases  of  dry  or  plastic  pleurisy  fine  dry  f  riction  sounds  are  to  be  heard  which 
ean  scarcely  be  distinguished  from  subcrepitant  rales.  If  they  occur  onlv 
upon  inspiration  they  may  be  mistaken  for  crepitus. 

GuRGLiNG  OR  THE  RALE  OF  CAViTiES  is  causcd  bv  the  cntraucc  and  exit 
of  air  in  a  cavity  containing  fluid.  Coarse  churning  sounds  are  heard  resem- 
bling those  produced  by  pouring  fluid  rapidlv  from  a  bottle.  These  verv 
coarse,  well-defined  r&les  are  kno\vn  also  as  cavernous,  and  sometimes 
have  the  metallic  or  amphoric  quality. 

Metallic  Tinkling — GuTTA  Cadens. — Ali  rales  heard  in  pneumothorax 
acquire  the  amphoric  or  metallic  quality.  In  some  instances  single  rdles 
having  an  exquisite  metallic  or  bell-like  musical  quality  may  follow  deep 
inspiration  or  the  act  of  coughing.  This  sound,  which  resembles  that  made 
by  single  fine  shot  dropped  into  a  metal  bowl  or  basin,  was  at  one  time 
thought  to  be  caused  by  a  drop  of  exudate  or  pus  coUecting  at  the  vault 
of  the  cavity  and  falling  upon  the  surface  of  the  fluid  collected  at  its  base. 
It  is  now  known  that  it  mav  occur  in  the  absence  of  any  such  coUeetion 
of  fluid  and  that  it  may  be  due  to  the  bursting  of  a  bubble  formed  at  the 
pleural  orifice  of  a  bronchopulmonary  fistula. 

HiPPOCKATic  SuccussioN. — This  phenomenon,  although  it  is  not  a  rale 
in  the  narrow  sense,  may  be  best  described  at  this  point.  It  is  character- 
Lstic  of  hydro-  (pyo-haBmo-)  pneumothorax  and  eonsists  of  a  distinet  loud 
splashing  which  may  be  heard  and  felt  when  the  thorax  is  suddenly  shaken. 
It  is  due  to  the  swash  of  the  free  fluid  against  the  wall  of  the  chest,  just  as  a 
similar  sound  is  produced  by  the  sudden  movement  of  a  partiallv  filled  cask. 

The  BRONCHOPULMOi\ARY  Fistula  Rale. — In  hvdro-  or  pyopneumo- 
thorax,  when  the  accumulating  fluid  riscs  above  the  pleural  opening  of  the 
fistula  there  may  be  sometimes  heard  in  conneetion  \vith  paroxysmal 
cough  bubbling  sounds  due  to  inspired  air  bcing  forced  from  the  lung  and 
up  through  the  fluid.  Under  such  circumstances  violent  spells  of  cough 
are  apt  to  be  followed  by  copious  expectoration. 
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R&les  may  be  conveiiiently  grouped  as  follow8: 

-  _  _,.,  fLowpitched — Sonorous. 

Dry  or  Vibrating  |gjg^  pitched-Sibilant. 

Moist  orBubblingl^^''^"!"«-^"««": 

(Small  bubbling — Subcrepitant. 

VesicularRale8{C;^Pi;iV-(Clicking). 

The  Rale  of  Caviti«  {  Very  Coa^-^BubWi^r^^^^^ 

(  Metallic  Tinkliiii^— Gutta  Cadens. 
Rales  in  Pncumothorax  and  similar  conditions.  -j  The  Bronchopulmonary  Fistula  Rale. 

(H3rdro-pyo-l)smo-pDeumothorax)  (The  Hippocratic  SucCUBSion. 

2.  Frictlon  Sounds. — The  surfaces  of  the  normal  pleura,  being  moist 
and  smooth,  glide  noiselessly  o  ver  one  another  with  the  movements  of  respi- 
ration.  When,  however,  the  serous  membrane  is  roughened  by  the  presence 
of  a  fibrinous  exudate,  as  in  pleurisy,  the  movement  of  the  opposed  surfaces 
gives  rise  to  sounds  known  as  ''pleural  friction  sounds"  or  "friction  nibs. " 
As  the  lesions  of  pleurisy  vary  from  a  mere  dryness  of  the  surface  in  the 
beginning  to  every  grade  of  exudate  in  amount,  texture,  and  arrangement, 
including  the  fibrinoserous  forms,  so  the  friction  sounds  present  great 
diversity  in  their  acoustic  properties,  not  only  in  different  cases  but  also 
in  the  same  čase  during  its  course. 

The  general  and  al  most  constant  character  of  pleural  friction  ia,  how- 
•ever,  that  of  the  sounds  pi  oduced  by  the  rubbing  together  of  dry  or  slightly 
moistened  surfaces,  and  is  properly  characterized  as  grazing,  rubbing, 
creaking,  leathery.  grating,  rasping,  and  the  like.  Friction  sounds  are 
usuallv  jerky  and  irregularly  interrupted,  and  change  in  character  not 
onlv  in  the  course  of  time  but  even  in  the  course  of  a  single  re8piratory 
act.  They  are  superficial  and  give  the  impression  of  being  produoed  verv 
near  the  ear.  They  vary  in  intensity  from  a  mere  graze,  scarcely  audible, 
to  a  coarse,  loud,  and  prolonged  creaking  like  that  of  new  leather  and 
audible  to  the  patient  himself  or  the  bystander8.  They  are  described  as 
fine.  medium,  or  coarse.  They  are  as  a  rule  best  heard  and  often  only  heard 
in  the  infra-axillary  or  inframammary  region  where  the  respiratory  excursus 
is  widest  and  the  pleura  investing  the  thin  wedge  of  lung  is  in  contact 
upon  one  side  T\ith  the  costal  and  upon  the  other  with  the  diaphragmatic 
pleura.  Not  being  well  conducted,  they  are  heard  where  they  are  produced. 
60  that  in  cases  of  diaphragmatic  pleurisy  the  friction  sounds  may  be  heard 
below  the  level  of  the  lung,  in  croupous  pneumonia  opposite  the  seat  of 
the  exudate,  and  in  the  earliest  days  of  phthisis  at  the  apex.  They  mav 
sometimes  be  heard  over  the  entire  lung  from  the  apex  to  the  base.  In 
children  and  spare  persons  the  intensity  of  these  sounds  may  be  increased 
by  firm  pressure  upon  the  chest,  and  they  are  often  attended  by  a  palpable 
sign— friction  fremitus,  Thev  occur  most  commonly  during  inspiration  and 
especiallv  toward  the  end  of  the  act,  and  are  frequently  heard  also  during 
expiration.    Less  often  thev  are  present  during  expiration  alone. 

Friction  sounds  are  sometimes  inconstant,  ceaaing  after  aeverml  deep 
inspiratory  acts  and  being  again  heard  after  a  period  of  qu]et  fareathiiig. 
They  are  not  modified,  however,  to  the  same  extent  as  riks,  nor  do  they 
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disappear  upon  coughing  and  the  expectoration  of  mucus.  Various  pos- 
tural  methods  of  bringing  out  friction  sounds  in  suspected  cases  ha  ve  been 
described,  as  raising  the  arm  upon  the  affected  side  or  having  the  patient 
quickly  rise  from  the  recumbent  to  the  sitting  posture  during  held  expira- 
tion  and  then  take  a  very  deep  inspiration. 

Deep  breathing,  coughing,  pressure  upon  the  affected  side,  not  only 
increase  the  intensity  of  the  sounds,  but  are  also  attended  with  pain.  In 
exceptional  cases  friction  sounds  are  unattended  by  pain  during  these  acts. 
When  a  plastic  pleurisy  is  followed  by  a  serofibrinous  exudate  the  friction 
sounds  disappear,  but  recur  upon  the  resorption  or  removal  of  the  fluid. 
They  are  usually  present  upon  one  side  of  the  chest  only,  but  may  some- 
times,  especially  in  disseminated  tuberculosis,  be  heard  in  circumscribed 
areas  on  both  sides. 

Crumpling  friction  sounds  are  the  signs  of  acute  inflammation  of  the 
pleura.  When  the  process  subsides  the  surfaces  become  fused,  the  fibri- 
nous  exudate  organized.  The  condition  is  that  of  adherent  pleura  and, 
unless  dense  and  extensive,  does  not  give  rise  to  physicai  signs.  In  old 
pleurisy  at  the  apex  and  especiaily  when  cavities  exist,  curious,  low- 
pitched,  soft,  creaking  sounds  are  sometimes  heard.  This  sound  resembles 
that  produced  by  squeezing  soft  thick  paper  together  in  the  hand  in 
irregular  folds  and  is  described  as  crumpling.  It  is  present  upon  inspira- 
tion and  expiration  and  is  not  affected  by  cough,  nor  has  it  the  characters 
by  which  we  recognize  r&les. 

In  some  cases  of  pleural  effusion  a  considerable  period  elapses  between 
the  resorption  of  the  fluid  and  the  formation  of  adhesions.  During  this 
time  friction  sounds  may  be  heard  and  the  patient  may  experience  annoying 
grating  or  rubbing  sensations,  especially  upon  deep  breathing  or  coughing. 

Sounds  closely  simulating  friction  sounds  may  be  produced  by  rubbing 
the  thumb  and  finger  together  near  the  ear  or  by  holding  the  hollow  of  the 
hand  over  the  ear  and  rubbing  or  stroking  the  back  of  it  with  the  fingers 
of  the  other  hand.  There  is  a  fine  friction  sound  which  cannot  be  dis- 
tinguished  from  crepitus.  Both  occur  in  showers  at  the  end  of  inspiration, 
both  are  close  to  the  ear  and  have  the  same  acoustic  qualities,  both  are 
accompanied  by  an  expiratory  element  which  may  be  in  one  čase  a  fric- 
tion sound  and  in  the  other  a  subcrepitant  r&le.  By  the  sound  itself  the 
differentiation  is  impossible,  but  when  concomitant  phenomena  are  taken 
into  aceount  we  find  the  friction  sound  is  usually  more  limited  in  extent, 
attended  more  commonly  by  expiratory  sounds,  is  less  uniform  in  charac- 
ter,  and  disappears  when  the  movement  of  the  chest  wall  is  restricted  by 
compression,  while  crepitus  persists.  The  distinction  between  fine  friction 
of  this  form  and  the  crepitant  r&le  or  crackling  is  rather  of  theoretical  than 
practical  importance  when  we  reflect  that  in  pneumonia,  when,  as  is  com- 
monly  the  čase,  the  exudate  extends  to  the  periphery  of  the  lung,  the 
pleura  overlying  it  is  the  seat  of  an  inflammatory  exudate,  and  in  tuber- 
culosis of  the  apex  the  early  lesions  which  give  rise  to  creaking  are  accom- 
panied by  a  circumscribed  pleurisy.  In  point  of  fact  when  we  hear  one  of 
these  signs  the  other  usually  is  also  present. 

The  friction  sound  which  closely  resembles  crepitus  or  crackling  b 
very  rarelyi  if  ever,  heard  in  simple,  uncoroplicated  pleurisy. 
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Friction  sounds  heard  over  the  chest  are  significant  of  pleurisy.  Those 
over  the  precordial  space,  having  the  cardiac  rhythm,  are  usually  but  not 
invariably  signs  of  pericarditis.  The  subject  of  pericardial  and  pleuro- 
pericardial  friction  will  engage  our  attention  in  a  subsequent  aection. 
Friction  sounds  heard  in  the  epigastric  zone  constitute  in  rare  instances 
the  signs  of  a  peritonitis.  The  effusion  in  hydrothorax  is  not  preceded 
by  a  friction  sound.  Pleurisy  is  frequently  primary;  often  secondarv  to 
intrapulmonary  disease,  pneumonia,  tuberculosis,  cirrhosis  of  the  lung, 
abscess,  gangrene,  or  cancer;  and  sometimes,  especially  upon  the  right 
side,  secondary  to  subdiaphragmatic  disease,  as  abscess,  cancer  or  hyda- 
tids  of  the  liver,  or  subphrenic  abscess.  Friction  sounds  may  therefore  be 
significant  of  any  of  these  affections. 

Riesman  has  described  under  the  term  subpleural  friction  a  fine  soft 
rubbing  or  crepitation  which  occurs  in  the  absence  of  pain  or  the  signs  of 
consolidation  in  miliary  tuberculosis.  The  difficulty  in  distinguishing  fine 
pleural  friction  from  crepitus  has  already  been  discussed. 

AUSCULTATION   DURINO  PHONATION. 

Auscultation  of  the  Voice  in  Health  and  Disease. — The  sounds  heard 
upon  auscultation  of  the  chest  of  a  person  who  is  speaking  when  the  face 
of  the  patient  is  turned  away  or  the  opposite  ear  of  the  examiner  closed, 
or  when  the  binaural  stethoscope  is  emploved,  constitute  the  set  of  physi- 
cal  signs  comprised  under  the  general  term  vocal  resonance,  and  have 
diagnostic  value.  The  ordinary  spoken  and  the  whispered  voice  are  studied. 
Obstacles  to  the  emplovment  of  this  method  of  phvsical  diagnosis  consist 
in  want  of  cooperation,  as  in  children  and  extremely  ill  persons,  in  inability 
to  use  the  voice.  as  in  mutes,  those  suflfering  from  aphonia  from  anv  cause, 
and  in  extremely  feeble  patients  and  great  obesitv. 

The  Technic  — The  patient  eounts  in  a  monotone,  tums  his  face  away 
and  eounts  '*one.  two,  three" ;  or  repeats  **twenty-one'*  or  **ninety-nine"  in 
the  loud  voice  or  in  a  sta^  whisper.  The  sound  is  conducted  through  the 
bronchi  and  along  their  walls  in  the  same  manner  as  in  a  speaking  tube 
and  greatlv  disperseil  and  damped  in  the  cushionv  vesicular  tissue.  Changes 
in  the  phvsical  condition  of  the  lung  parenchvma  favor  or  stili  further 
impeile  the  transmission  of  the  voice  in  sueh  a  manner  that  increase,  diminu- 
tion,  or  absence  of  vocal  resonance  correspond  to  these  changes  and  thus 
becorae  sisrns  of  disease.  The  modifications  of  vocal  resonance  corresp<md  in 
general  to  those  of  vm^al  fremitus  and  havo  the  same  sienificance. 

Normal  Nocal  Resonance. — The  voice  is  heard  as  a  confused  inarticu- 
late  huni.  most  distinct  in  adults  ix>ssosseii  of  deep  voices  and  tremulous 
in  ageil  jn^rst^ns.  This  sinind  is  more  intense  upon  the  right  than  upon  the 
left  side  and  at  the  apii*es  than  at  the  l^iso.  As  the  stethoscope  is  carried 
to  a  jx>sition  nearer  the  main  bn^nchi  the  resiMiani*e  bcKH^mes  louder  and 
more  distinot  until  finallv,  when  ii  is  plaivil  over  the  bronchi  or  trachea 
in  the  {H>sition  in  which  normal  bn^nohial  brt^ithing  is  heard,  the  audible 
wortis  mav  lx>  recognizeil—  bn^nohophonv. 

Increased  Vocal  Resonance.-  This  sign  \^  hen  heard  over  the  lung — 
with  rare  exceptions,  preventiv  to  be  mentiomni — ilenotes  an  increaae  in 
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the  power  of  the  lung  to  conduct  sound-producing  vibrations, — namely, 
consolidation.  It  has,  therefore,  the  same  significance  as  bronchial  respi- 
ration.  Fully  developed  it  constitutes  bronchophony,  and  indicates  con- 
aolidation  of  lung  tissue  in  the  neighborhood  of  large  or  medium-sized 
bronchial  tubes.    The  following  varieties  are  to  be  considered: 

Pectoriloquy. — Laennec  used  this  term  to  indicate  the  complete  trans- 
mission  of  articulate  words.  The  voice  appears  to  be  directly  spoken  into 
the  oboerver^s  ear.  This  sign  occurs  in  dense  consolidation  extending  from 
a  large  bronchus  to  the  wall  of  the  chest,  over  a  cavity  communicating 
freely  with  a  bronchus  of  some  size,  in  a  pneumothorax  communicating 
with  a  bronchus,  and  in  some  instances  over  the  atelectatic  lung  over- 
lying  a  large  pleural  eflfusion.  When  pectoriloquy  is  very  distinct  and 
circumscribed  it  constitutes  the  distinct  physical  sign  of  a  cavity,  and, 
as  Da  Gosta  well  said,  deserves  the  name  of  cavernous  voice. 

Aiii|>horic  Vocal  Resonance.  —  Over  large  cavities  and  in  pneumo- 
thorax  communicating  with  a  bronchus  the  voice  .is  peculiarly  ringing  and 
metallic.  The  amphoric  character  is  due  to  the  same  phvsical  conditions 
which  we  find  to  underlie  the  amphoric  quality  in  the  breath  sounds  and  rales. 

WhUperin8:  PectorUoquy. — ^The  whispered  voice  is  heard  as  a  faint, 
distant,  expiratory  whiff  or  puff  over  the  trachea  and  primary  bronchi  in 
front  and  behind  while  elsewhere  it  is  almost  or  quite  inaudible.  When 
the  phy&ical  conditions  which  cause  bronchophony  are  present,  the  whisp- 
€red  voice  is  curiously  near  and  distinct.  Whispering  pectoriloquy  is  an 
important  physical  sign,  indicating,  when  distinct  and  circumscribed,  a 
cavity,  and  in  varying  degrees  of  intensity  consolidation  of  lung  tissue.  It 
is  of  value  in  the  diagnosis  of  limited  areas  of  consolidation  and  in  determining 
the  boundaries  of  large  ones.  The  more  dense  the  consolidation  the  more 
distinct  the  whispered  voice.  Whispering  pectoriloquy  may  be  present  over 
the  atelectatic  lung  in  pleural  eflfusion  and  occasionally  over  the  eflfusion 
itself.  Increased  whisper  in  the  intrascapular  regions — D'Espine*s  sign — 
occurs  in  tuberculosis  of  the  bronchial  glands. 

Diminished  Vocal  Resonance.  —  This  sign  indicates  impaired  con- 
duction  in  the  lung  and  is  present  in  emphysema  and  the  occlusion  of  a 
bronchus.  It  also  denotes  the  interposition  of  substances  between  the 
lung  and  the  chest  wall,  which  leads  to  the  diflfusion  and  weakening  of 
vibrations  passing  from  one  medium  to  another,  and  occurs  in  pleural 
eifusion,  pleural  thickening,  and  tumors.  The  more  massive  the  eflfusion, 
the  greater  the  thickening,  or  the  larger  the  tumor,  the  more  marked  the 
diminution  in  the  transmitted  voice  resonance.  It  may  be  completely 
absent  in  closed  pneumothorax.  Absent  vocal  resonance  is  most  common 
in  large  pleural  eflfusion. 

iCgophony. — Literally,  the  bleating  of  a  goat.  A  peculiar  quavering 
quality  of  the  voice  with  a  distinctly  nasal  tone  is  heard  when  the  patient 
speaks  in  a  natural  voice.  This  sign  is  best  brought  out  by  using  repeated 
rather  than  single  svllables,  as  "  twenty-one  "  or  **  ninety-nine. ''  It  may  be 
heard  at  or  just  below  the  upper  limit  of  moderate-sized  pleural  eflfusions 
in  the  region  of  the  angle  of  the  scapula;  less  frequently  in  the  front  of  the 
chest.  It  is  in  rare  instances  heard  over  consoIidated  lung  tissue.  It  is 
not  an  important  physical  sign. 
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Baccelirs  Slgn. — Upon  direct  auscultation  in  the  anterolateral  region 
of  the  afifected  side  the  whispered  voice  is  said  to  be  distinctly  transmitted 
through  a  serous  but  not  through  a  purulent  effusion,  the  difference  being 
attributed  to  variations  in  the  density  of  serofibrinous  and  purulent  effu- 
sions.  This  sign  is  not  constant,  sinče  in  large  efFusions  there  is  commonlv 
absence  of  vocal  resonance  in  both  kinds  of  fluid. 

Auscultation  as  Applied  to  the  Diagnosis  of  Diseases 

of  the  Circulatory  Organs. 

The  Technic. — This  met  hod  is  of  cardinal  importance  in  the  exaniina- 
tion  of  the  heart.  Upon  it  in  most  instances  the  diagnosis  depends. 
Inspection,  palpation,  and  percussion  may  be  used  to  amplify  and  control 
the  signs  obtained  by  auscultation,  but  in  a  considerable  proportion  of 
the  cases  they  contribute  no  essential  facts.  Before  we  apply  the  stetho- 
scope,  we  inquire  into  tbe  history  of  the  čase  and  plače  the  patient  as  far 
as  possible  at  his  ease.  The  examination  is  best  conducted  when  the  patient 
is  in  a  comfortable  position,  leaning  back  in  a  chair  or  propped  up  with 
pillows  in  bed.  We  note  the  facial  expression,  the  appearance  of  the 
eyes,  the  state  of  the  capillary  circulation,  the  presence  or  absence  of 
dropsical  swellings,  whether  or  not  there  is  cough,  the  character  of  the 
respiration  and  any  abnormal  impulse  or  movement  that  may  be  present 
at  the  root  of  the  neck  or  in  the  chest.  The  signs  elicited  upon  inspec- 
tion, palpation,  and  percussion  are  then  ascertained.  Finally  we  employ 
auscultation. 

In  women  the  breast  is  drawn  aside  and  held  by  the  patient  herself 
or  her  nurse.  In  young  children  inspection  and  palpation  should  precede 
auscultation.  Percussion  is  useless.  Very  often  the  auscultatory  signs 
must  be  caught  in  the  intervals  of  crying  and  struggling.  Many  difficulties 
may  be  overcome  by  tact  and  gentleness. 

The  increase  in  the  frequency  of  the  hearfs  action  and  the  accom- 
panying  change  in  the  character  of  the  first  sound  that  occur  in  nervous 
persons  under  examination  {le  coeur  medical)  must  be  borne  in  mind.  A 
few  minutes'  chat  upon  indifferent  subjects  will  usually  cause  the  excited 
action  to  subside.  If  on  the  other  hand  the  action  of  the  heart  is  weak 
and  the  sounds  too  faint  to  be  well  studied,  or  there  is  a  doubt  as  to  the 
presence  of  a  murmur,  the  patient  should  be  asked,  unless  his  general  con- 
dition  forbids,  to  take  a  series  of  very  deep  breaths,  or  quickly  stoop  and 
rise  several  times,  or  take  a  few  brisk  turns  up  and  down  the  room.  The 
increase  in  the  force  of  the  hearfs  action  will  often  render  the  sounds 
distinct  and  dispel  any  doubt  as  to  the  presence  of  a  murmur.  In  cases 
of  acute  disease  or  profound  general  or  cardiac  asthenia  such  diagnostic 
measures  are  strictly  contraindicated. 

Faint  and  distant  sounds  and  obscure  murmurs  may  become  more 
audible  if  the  patient  leans  slightly  forward  and  to  his  left,  thus 
bringing  the  heart  under  the  influence  of  gravity  into  closer  relation 
with  the  wall  of  the  chest.  It  is  important  also  to  request  the  patient 
to  stop  breathing  for  a  moment  now  and  again  during  the  course  of  the 
examination,  since  the  breath  sounds  may  mask  the  normal  and  abnormal 
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sounds  of  a  feeble  heart.    The  heart  sounds  should  also  be  studied  with 
full  held  inspiration  and  forced  expiration. 

Auscultation  has  for  its  object  the  determination  of  the  character, 
intensity,  and  rhythm  of  the  normal  heart  sounds,  and  their  modifications 
within  the  range  of  health,  the  reeognition  of  modifications  whieh  tran- 
scend  those  limits,  and  the  detection  of  abnormal  or  adventitious  sounds. 

THE  SIONS  IN  HEALTH. 

The  Normal  Heart  Sounds. — When  the  stethoscope  is  placed  over 
the  heart  two  sounds  are  heard.  Of  these  one  is  found  to  correspond 
in  time  with  the  cardiac  impulse,  and  the  other  to  follow  it  after  a  short 
interval  of  silence.  After  a  longer,  but  stili  short  interval,  these  sounds 
are  repeated  in  the  same  order.  For  this  reason  they  are  spoken  of  re- 
spectively  as  the  first  and  second  sound  of  the  heart. 

The  Characters  of  the  Sounds. — The  first  sound  is  not  only  eompara- 
tively  long,  but  it  is  also  low  in  pitch  and  muffled.  The  second  sound, 
on  the  contrary,  is  comparatively  short  and  is  high  pitched  and  clear.  The 
two  sounds  are  therefore  in  sharp  contrast  in  regard  to  their  duration. 
pitch,  and  quality.  The  respective  characters  of  the  two  sounds  may  be 
roughly  imitated  by  the  repetition  of  the  syllables  "  ubb  dup. " 

Causes  of  the  First  Sound.  —  The  first  sound  is  due  to  vibrations 
caused  by  the  simultaneous  tension  of  the  mitral  and  tricuspid  valves 
in  closure,  the  muscular  contraction  of  the  ventricles  and  the  vibration 
of  the  blood  contained  within  the  ventricles  at  the  moment  of  systole. 

The  Cause  of  the  Second  Sound. — The  second  sound  is  due  to  the  vibra- 
tions caused  by  the  simultaneous  closure  of  the  semilunar  valves  of  the 
pulmonary  artery  and  the  aorta  at  the  beginning  of  the  ventricular  diastole. 

A  Third  Sound  of  the  Heart. — Gibson  has  recently  described  a  wave 
in  the  jugular  pulse  in  healthy  young  adults  occurring  after  the  clos- 
ure of  the  semilunar  valves  and  before  the  auricular  contraction,  and 
accompanied  by  a  low-pitched,  clear  sound  at  the  apex,  more  distinctly 
audible  in  the  cardiac  revolutions  which  occur  in  the  intervab  between 
expiration  and  inspiration  than  at  any  other  stages  of  respiration.  This 
sound  is  not  easily  appreciated  and  is  only  audible  in  a  certain  propor- 
tion  of  the  diastolic  periods.  It  corresponds  in  time  to  the  first  element 
of  the  reduplicated  second  sound  heard  only  at  the  apex,  long  familiar 
to  clinicians.  The  explanations  of  this  sound  are  at  present  purely 
hypothetical. 

The  Cardiac  Cyclc  or  Revolution. — Each  revolution  of  the  heart 
consists  of  an  auricular  systole,  the  instantly  succeeding  ventricular  systole, 
and  a  period  of  repose  of  the  whole  heart.  The  relative  time  occupied 
with  these  events  varies  with  the  frequency  of  the  action  of  the  heart. 
With  a  pulse-rate  of  74,  that  is,  a  cardiac  revolution  of  about  0.8  second, 
the  cardiac  revolution  comprises  an  auricular  systole  of  0.1  second,  a 
ventricular  systole  of  0.3  second,  and  a  period  of  repose  of  the  whole  heart 
of  0.4  second.  With  increased  pulse-frequency  the  diastole  of  the  ven- 
tricles is  shortened  much  more  than  the  8ystole;  it  is  also,  with  8lowing 
of  the  pulse-rate,  lengthened  to  a  greater  extent.    The  statementa  which 
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assign  regular  proportions  to  the  duration  of  the  sounds  and  silences  of 
the  heart  are  misleading,  since  these  vary  in  length,  not  relatively  with 
varying  heart  frequency,  but  absolutely,  the  second  silence  being  very 
fluctuating,  since  it  corresponds  to  the  fluctuating  ventricular  diastole, 
while  the  first  sound  and  the  short  first  silence  together,  which  nearly 
correspond  to  the  ventricular  systole,  are  much  more  constant. 

The  Valvc  Areas  or  Puncta  Maxinia. — With  the  stethoscope  applied 
over  the  apex  of  the  heart  the  first  sound  is  heard  much  more  distinctly 
than  the  second  sound  and  has  a  booming  character  which  is  in  sharp 
contrast  with  the  short  and  '*valvular"  quality  of  the  latter.  The  temp- 
tation  to  rely  upon  the  rhythm  of  the  sounds  for  the  recognition  of  the 
systolic  sound  or  the  first  and  second  sounds  is  to  be  avoided.  The  aus- 
cultatory  sign  must  be  verified  by  inspection  or  palpation.  This  is  espe- 
cially  important  in  the  rapidly  acting  heart  and  in  aH  morbid  conditions. 
The  sy8tolic  or  first  sound  corresponds  to  the  impulse  as  determined  by 
sight  or  touch,  or  in  default  of  these  by  the  pulsation  of  the  carotid.  The 
radial  pulse  cannot  be  depended  upon  as  a  guide.  The  recognition  of 
the  first  and  second  sounds  is  of  especial  importance  in  the  diagnosis  of 
valvular  diseases. 

When  the  stethoscope  is  carried  to  the  base  of  the  heart,  either  to  the 
right  or  the  left  border  of  the  sternum,  the  first  sound  becomes  less  distinct 
than  at  the  apex  while  retaining  its  acoustic  properties,and  the  second  sound 
more  distinct  and  prominent  with  an  intensification  of  its  snapping  or 
valvular  quality. 

The  sounds  may  be  further  analyzed  by  placing  the  stethoscope  at 
the  following  principal  points  or  areas: 

1.  The  Mitral  Area. — At  or  above  the  apex  in  the  fifth  intercostal 
space  and  upon  the  parasternal  line.  At  this  point  that  factor  of  the  first 
sound  made  up  by  the  closure  of  the  mitral  valve  and  the  contraction  of 
the  left  ventricle  is  best  heard. 

2.  The  Tricuspid  Area. — At  the  juncture  of  the  ensiform  cartilage  with 
the  sternum  and  at  the  right  border  of  the  base  of  the  sternum.  In  this 
region  that  factor  of  the  first  sound  caused  by  the  closure  of  the  tricuspid 
valve  and  the  contraction  of  the  right  ventricle  is  most  distinctly  heard. 

3.  The  Aortic  Area. — In  the  second  right  intercostal  space  near  the 
sternum  or  directly  over  the  second  right  costal  cartilage  at  its  sternal 
articulation — the  aortic  cartilage.  At  this  point  the  aortic  element  of 
the  second  sound  is  best  heard. 

4.  The  Pulmonary  Area. — In  the  second  left  intercostal  space  near 
the  sternal  border.  At  this  point  the  pulmonary  element  of  the  second 
sound  is  best  appreciated. 

These  areas  do  not  correspond  to  the  position  of  the  respective  valve 
8ystems,  but  they  do  correspond  to  the  anatomical  relationship  to  the 
wall  of  the  chest  of  the  structure  in  which  the  mechanism  producing 
the  sound  exist8,  or  in  which  the  sound  is  conducted.  That  is  to  say,  the 
anatomical  apex  of  the  heart  for  med  by  the  left  ventricle  comes  nearest 
to  the  chest  at  the  apex;  the  tricuspid  valve  system  at  the  right  border 
and  base  of  the  sternum;  the  aorta  just  above  its  origin  at  the  second 
right  interspacC;  and  the  pulmonary  artery  above  its  valves  at  the  second 
left  interspace. 
12 
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At  the  apex  the  first  sound  and  its  modifications  in  health  and  disease 
are  best  studied;  at  the  base  the  second  sound.  In  the  former  position 
this  first  sound  is  louder  and  more  distinct;  in  the  latter  the  rhythm  is 
changed  and  the  stress  falls  upon  the  second  sound.  The  rhythm  is  the 
same  in  the  mitral  and  the  tricuspid  areas  and  the  quality  of  the  first 
sound  is  similar,  though  in  health  the  first  sound  is  usually  less  intense 
in  the  tricuspid  area.  The  rhythm  is  likewise  the  same  in  the  aortic  and 
the  pulmonary  areas,  and  the  quality  of  the  second  sound  is  similar  upon  the 
right  and  left  sides. 

•  Modifications  In  the  Norma!  Heart  Sounds. — Variations  in  character, 
intensity,  and  rhythm  are  to  be  considered.  There  are  marked  differences 
in  the  sounds  in  different  individuals  and  in  the  same  individual  at  diflfer- 
ent  periods  of  life  and  under  varying  conditions  of  activity  and  emotion. 

Character. — The  heart  in  children  is  less  covered  by  the  lungs  than  in 
later  life  and  the  chest  wall  is  far  thinner  and  more  elastic.  It  follows 
that  the  sounds  though  feeble  are  more  distinctly  heard.  As  the  muscle 
is  smaller  and  thinner  the  valvular  element  of  the  first  sound  is  more  in 
evidence,  and  as  the  frequency  is  greater  the  long  pause  is  shortened  so 
that  the  rhythm,  which  at  birth  has  the  characteristic  tic-tac  of  the  fetal 
heart,  like  the  ticking  of  a  watch,  only  gradually  changes  to  that  above 
described  as  occurring  in  later  life. 

Embryocardia  is  a  common  condition  in  which  the  rhythm  suggests 
that  of  the  fetal  heart,  the  long  pause  being  shortened  and  the  first  and 
second  sound  presenting  nearly  the  same  acoustic  properties.  This  modifi- 
cation  of  the  cardiac  rhythm  occurs  in  tachycardia,  the  cardiac  asthenia 
of  the  later  periods  of  exhausting  diseases  and  in  extreme  dilatation. 

The  first  sound  at  the  apex  is  not  only  somewhat  louder  in  powerful 
persons  with  well-developed  muscles  but  it  is  also  more  prolonged  than  in 
feeble  persons  \vho  lead  sedentary  lives — a  diflference  due  to  an  increase 
of  the  muscular  factor  entering  into  the  production  of  the  sound. 

A  similar  increase  in  the  duration  and  intensity  of  the  first  sound 
occurs  under  conditions  of  bodily  exercise  and  mental  e'xcitement.  Under 
these  circumstances  the  sound  is  occasionally  attended  by  curious  metallic 
reverberations,  the  cliguetis  metalligne  of  the  French. 

Intensity. — In  voung  persons  with  thin,  elastic  chest  walls  the  sounds 
of  the  heart  are  louder  and  more  distinct  than  in  older  persons,  in  whom  the 
wallsare  thicker  and  the  costal  cartilages  more  rigid.  Thick  layersof  sub- 
cutaneous  fat  may  render  the  sounds  faint  and  distant.  The  interposition 
of  the  thick  edge  of  a  voluminous  lung  may  have  the  same  effect.  There 
are  marked  differences  in  the  intensity  of  the  sounds  in  repose  and  actiYity. 

The  First  Sound  at  the  Apex. — The  first  sound  is  louder  and  more 
distinct  in  the  mitral  area  than  in  the  tricuspid,  but  in  young  persons 
under  conditions  of  excitement  or  after  great  muscular  effort  it  may  be 
heard  with  equal  clearness  and  intensity  over  the  whole  front  of  the  chest. 

The  Second  Sound  at  the  Base. — The  peculiarity  of  the  second 
sound  is  its  valvular  quality.  Its  intensity  varies  in  health  with  the  energy 
of  the  heart 's  action.  It  has  been  assumed  that  the  inten8ity  of  the  aortic 
sound  under  normal  conditions  is  greater  than  that  of  the  pulmonary 
second  sound.    Vierordt,  however,  in  1885  first  called  attention  to  the  fact 
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that  the  relative  intensitjr  of  these  two  components  of  the  second  sound 
varies  at  diflferent  periods  of  life,  an  observation  that  has  been  confirmed 
by  other  recent  clinicians  and  especially  by  the  investigations  of  Creigh- 
ton  in  1899.  This  observer  found  that  in  90  per  cent.  of  healthy  children 
under  ten  years  of  age  the  pulmonic  second  sound  is  more  intense  than  the 
aortic;  in  66  per  cent.  between  the  tenth  and  twentieth  years  the  pul- 
monic sound  is  more  distinct;  in  about  half  in  the  following  decade,  and 
after  the  thirtieth  year  the  proportion  gradually  declines  until  after  sixty, 
when  the  aortic  second  sound  is  more  intense — accentuated — in  al  most 
every  čase.  It  thus  appears  that  the  relative  intensity  of  the  two  elements 
of  the  second  sound  depends  upon  the  age  of  the  individual,  the  sound  in 
the  pulmonary  area  being  more  intense  in  eariv,  and  that  in  the  aortic 
area  more  intense  in  later  life,  while  in  middle  life  their  intensity  is  much 
the  same.  Cabot  suggests  that  '*it  is  therefore  far  from  true  to  suppose 
that  we  can  obtain  evidence  of  a  pathological  increase  in  the  intensity  of 
either  of  the  sounds  at  the  base  of  the  heart  simply  by  comparing  it  with 
the  other."  The  difficulty  lies  in  the  failure  on  the  part  of  the  auscultator 
to  recognize  the  difference  between  mere  loudness  or  intensity  which  may 
be  normal,  and  accentuation,  which  is  a  morbid  physical  sign. 

In  elderly  persons  the  second  sounds  are  frequently  heard  more 
distinctly  in  the  third  or  fourth  interspace  than  in  the  second. 

Rfiytfini. — The  derangements  of  rhythm  which  may  occur  in  health  are: 

1.  Galiop  Rhythm  in  which  the  Diastolic  Pause  is  Shortened  ivith  the 
Additian  of  an  Extra  Sound  of  the  Heart. — The  rhythm  suggests  the 
cadence  of  the  footfall  of  a  cantering  horse.  It  is  expressed  by  the 
repetition  of  the  syllables  ''rat-ta-ta."  The  mechanism  of  its  produc- 
tion  is  not  clear. 

G.  Canby  Robinson  has  summarized  the  results  of  recent  studies  of 
galiop  rhythm  as  follows:  **  Galiop  rhythm  of  the  heart  is  a  fairly  frequent 
clinical  phenomenon,  and  consists  in  the  presence  of  a  group  of  three 
eardiac  toneš,  none  of  which  are  murmurs.  It  occurs  under  variable 
clinical  conditions.  Tl^at  form  of  galiop  rhythm  which  is  best  heard  at 
the  apex  or  over  the  central  part  of  the  precordium  may  be  divided 
into  the  presystolic,  protodiastolic,  and  mesodiastolic  tyix5s,  depending 
on  whether  the  extra  tone  falls  at  the  end.  at  the  beginning,  or  in  the 
middle  of  diastole.  Eaeh  form  is  associated  with  a  characteristic 
cardiogram.  There  are  a  number  of  factors  which  probably  combine 
in  various  ways  to  produce  the  various  forms  of  galiop  rhvthm. 

"Presy8tolic  galiop  rhythm  is  heard  in  two  classes  of  cases.  It  is 
heard  in  strongly  acting  heart  s  in  which  a  muscle  sound  produced  by  a 
strongly  acting,  hypertrophied  auride  is  probablv  the  cause  of  the  extra 
tone;  and  it  is  also  heard  in  weak,  rapidlv  acting  heart  s  at  the  height  of 
acute  febrile  diseases,  at  which  time  there  is  possibly  a  delay  in  the  con- 
duetion  of  the  heart-bcat  from  the  auricles  to  the  ventricles.  Under  these 
circumstances  the  sound  produced  during  the  contraction  of  the  auricles 
becomes  distinguishable  from  that  produced  during  the  contraction  of  the 
ventricles.  In  both  classes  of  cases,  the  extra  tone  seems  to  \)e  produced 
in  the  auricle  rather  than  in  the  ventricle.  Protodiastolic  and  mesodiastolic 
galiop  rhythm  are  caused  by  the  production  of  an  extra  tone  in  the  ven- 
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tricles.  The  factors  that  probably  combine  to  produce  this  extra  tone  are 
an  increase  in  the  amount  and  velocity  of  the  flow  of  blood  from  the  auricles 
into  the  empty  ventrieles  and  a  loss  of  tone  of  the  heart  muscle  of  the 
ventrieles.  The  longer  silent  period  in  cases  of  gallop  rhythm  does  not 
as  a  rule  occur  during  diastole,  but  is  usually  a  8ystolic  silence." 

This  derangement  of  the  cardiac  rhythm  may  sometimes  be  observed 
in  the  normal  heart  when  rapidly  acting  under  conditions  of  great  exertion 
or  excitement. 

2.  Reduplication  of  the  Second  Sound  at  the  Base  of  the  Heart, — Splitting 
of  the  second  sound  may  be  heard  at  the  base  of  the  heart  at  the  end  of 
full  inspiration,  especially  if  the  breath  be  held  or  after  active  museular 
exertion.  Its  meehanism  probably  consists  in  the  asynchronous  closure 
of  the  aortic  and  pulmonary  valve  systems  as  the  result  of  heightened 
pressure  in  the  pulmonary  circuit. 

3.  Reduplication  of  the  First  Sound  at  the  Apex, — An  impure  first 
sound  may  occasionally  be  heard  at  the  apex,  espeeially  at  the  end  of 
expiration  under  normal  circumstances.  This  modification  varies  from  a 
mere  bi  ur  or  prolongation  of  the  sound  to  a  distinct  repetition,  eonsti- 
tuting  a  form  of  the  gallop  rhythm.  It  may  be  represented  by  the  syllables 
**trupp"  or  *Hurrupp."  In  health  it  is  not  constant  in  the  same  indi- 
vidual.  It  has  been  attributed  to  conditions  temporarily  giving  rise  to  an 
increase  in  the  vis-a-fronte  of  one  or  the  other  ventricle. 

MODIFICATIONS  OF  THE  HEART  SOUNDS  IN  DISEASE. 

Variations  in  the  character,  intensity,  and  rhythm  which  transcend 
the  borders  of  health,  together  with  wholly  abnormal  or  adventitious 
sounds,  are  to  be  considered. 

Character. — The  acoustic  properties  of  the  heart  sounds  are  modi- 
fied  not  only  by  changes  in  the  heart  itself  and  in  the  arteries  but  also  by 
.  pathological  conditions  in  the  adjacent  parts  and  the  state  of  the  chest 
walls  as  regards  elasticity  and  thickness.  Finally  tjie  character  of  the  heart 
sounds  is  modified  by  constitutional  conditions.  Changes  in  character  are 
commonly  associated  with  changes  in  intensity,  but  it  is  well  for  the 
študent  to  train  himself  to  appreciate  modifications  of  character  and  of 
intensity  as  constituting  distinct  groups  of  phy8ical  signs. 

1.  The  Heart. — The  first  sound  is  prolonged  and  dull  in  hypertrophy; 
when  the  associated  dilatation  is  marked  it  is  sometimes  very  clear  and 
sharp.  A  metallic  clinking — tintement  metalliqu£ — is  occasionally  heard 
to  the  right  of  the  apex-beat.  The  second  sound  is  loud  and  distinct,  often 
ringing  in  character  and  doubled.  When  valvular  lesions  are  present  the 
sounds  are  greatly  modified  and  replaced  or  accompanied  by  murmurs. 

In  hypertrophy  of  the  right  ventricle  the  first  sound  at  the  lower  part 
of  the  sternum  is  louder  and  fuller  than  normal;  but  with  much  associated 
dilatation  it  is  clearer  and  sharper.  Accentuation  of  the  pulmonary 
second  sound  is  frequently  present. 

In  dilatation  the  first  sound  is  shorter  and  sharper,  in  other  word8, 
more  valvular  in  character  than  normal.  The  museular  element  is  dimin- 
ished.    With  progressive  thinning  of  the  wall8  theee  changes  beeome  nx>re 
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marked.  The  second  sound  when  heard  in  aortic  insufficiency  may  be 
distinct,  or  faint  and  obscure;  when  there  is  dilatation  of  the  aortic  arch  it 
inay  be  ringing  and  prolonged. 

The  second  sound  is  rarely  heard  in  the  aortic  area  in  aortic  stenosis  for 
the  reason  that  the  deforniity  of  the  cusps  is  such  as  to  prevent  their  free  play. 

Accentuation  of  the  pulmonary  second  sound  is  an  important  sign  in 
mitral  insufficie^cy. 

The  first  sound  is  unusually  sharp  and  clear  in  mitral  stenosis,  while 
the  second  sound  in  the  second  left  interspace  is  strQngly  accentuated  and 
sometimes  reduplicated. 

2.  The  Arteries.  —  Accentuation  of  the  aortic  second  sound  occurs 
in  arteriosclerosis,  —  especially  that  form  which  accompanies  chronic 
nephritis, — in  atheroma  and  dilatation  of  the  aortic  arch,  and  in  aortic 
aneurism.  It  is  the  sign  of  increased  arterial  tension  and  is  associated 
with  hypertrophy  of  the  left  ventricle. 

3.  DIseases  of  Neighboring  Organs. — In  pericardial  effusion  the  heart 
sounds  are  not  only  indistinct  but  they  also  have  a  peculiar  muffled  and 
distant  quality,  due  to  diflfusion.  Accentuation  of  the  pulmonary  second 
sound  is  frequently  an  early  and  persistent  sign. 

In  some  cases  of  pneumothorax  the  heart  sounds  acquire  a  metallic 
quality;   in  pneumopericardium  they  are  feeble,  distant,  and  muffled. 

They  are  distant  and  muffled  in  pulmonary  emphysema,  well  trans- 
mitted  in  consolidation  of  the  lung  and  in  chronic  interstitial  pneuihonia 
and  pulmonary  phthisis,  and  sharp  and  ringing  during  cardiac  overaction, 
especially  in  young  persons  and  in  the  periods  of  excitement  and  palpita- 
tion  which  occur  in  exophthalmic  goitre,  chlorosis,  and  ana^mic  states. 

4.  Different  Conditlons  of  the  Walls  of  the  Chest. — As  in  health  so  in 
disease,  remarkable  diflferences  in  the  heart  sounds  occur  as  the  result 
of  difTerences  in  the  chest  wall.  Through  the  thin  and  elastic  tissues  of 
the  young  the  sounds  are  conducted  with  great  distinctness;  they  are 
faint  and  diffuse  when  the  chest  walls  are  thick  and  fat,  and  when  the  car- 
tilages  are  calcified,  the  sternum  thickened,  or  when  deformities  of  the  chest* 
derange  the  normal  relation  of  the  heart  to  the  wall,  or  finally  when  a  new 
growth  is  interposed. 

5.  Constitutlonal  Conditlons.  —  The  first  sound  is  shortened  as  well 
as  faint  in  conditions  of  general  asthenia  such  as  result  from  actual  star- 
vation  and  wasting  diseases.  In  enteric  fever  the  first  sound  becomes 
progre8sively  shorter,  more  indistinct  and  valvular  in  quality — a  change 
due  to  the  progressive  wasting  of  the  mvocardium. 

Intensity. — The  significance  of  increase  or  decrease  in  the  intensity 
of  the  heart  sounds  as  morbid  phvsical  signs  has  already  to  some  extent 
been  indicated.  It  is  important  to  note  that  as  a  rule  increase  in  the 
intensity  of  the  first  sound  is  associated  with  its  prolongation,  while  de- 
crease in  intensity  is  attended  with  decrease  in  duration.  The  loud  first 
sound  is  in  strong  contrast  with  the  short  second  sound;  the  faint  first 
sound  resembles  it.  As  the  feeble  heart  is  commonly  also  a  rapid  heart, 
in  which  the  long  pause  is  shortened.  it  may  become  difficult  to  teli  which 
is  the  first  and  which  the  second  sound.  The  first  sound  corresponds  to 
the  impulse  at  the  apex  or  to  tlie  carotid  pulse. 
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Accentiiatlofi.  —  It  is  important  at  this  point  to  emphasize  the  dis- 
tinction  between  "loudness'*  and  *'accentuation" — a  matter  not  alway8 
made  clear  in  the  books.  Loudness  or  sound  inten8ity  has  to  do  with  the 
volume  of  a  given  sound;  accentuation  is  that  acoustic  property  which 
indicates  suddenness  in  ^he  application  of  the  3nergy  by  whieh  the  sound 
is  produced.  The  first  sound  of  the  heart  is  often  loud,  even  booming, 
but  never,  aecording  to  my  belief,  accentuated.  It  may  have  a  slapping 
quality  as  in  mitral  stenosis,  but  that  is  somcthing  altogether  different 
from  accentuation.  TJie  second  sound  of  the  heart  at  the  base  niay  be  loud 
and  distinct  without  being  accentuated.  It  may  become  accentuated  with- 
out  becoming  louder.  Accentuation  is  then  something  quite  diflferent  from 
loudness.  The  word  conveys  the  idea  of  suddenness,  sharpness,  a  certain 
vibrating  quality  due  to  quick  and  sharp  tension.  Loudness  is  a  matter 
of  degree;  accentuation  a  matter  of  quality.  From  this  point  of  view 
accentuation  becomes  a  physical  sign  of  great  importance. 

The  first  sound  is  increased  in  intensity  in  conditions  which  cause 
the  heart  to  act  with  unusual  energy.  In  intense  emotional  states  the  first 
sound  is  greatly  increased  and  may  sometimes  be  heard  ali  over  the  chest. 
Such  overaction  may  be  pathological,  as  in  mania  and  acute  febrile  states. 
The  first  sound  is  louder  than  normal  in  hypertrophy  of  the  left  Tentricle, 
but  less  constantly  so  than  has  been  assumed;  even  with  a  considerable 
degree  of  associated  dilatation  the  sound  may  stili  be  quite  intense. 

The  first  sound  is  enfeebled  in  conditions  of  general  asthenia  such  as 
result  from  starvation,  long-continued  fevers,  wasting  diseases,  hemorrhage, 
shock,  and  profound  exhaustion  from  over-exertion;  in  dilatation  of  the 
ventricles,  myocarditis,  fatty  heart,  and  rupture  of  the  compensation  in 
chronic  valvular  disease;  in  chlorosis  and  ansemia  and  in  ali  conditions 
that  interfere  with  its  transmission  to  the  ear  of  the  auscultator,  such  as  fat 
in  the  chest  walls,  emphysema,  pleural  and  pericardial  effusions,  and  certain 
mediastinal  tumors.  In  conditions  in  which  direct  pressure  is  exerted  upon 
the  wall  of  the  heart  by  effusion  or  tumor,  its  action  is  impeded  and  its 
sound  enfeebled. 

The  second  sound  is  increased  in  intensity  in  nervous  overaction  of 
the  heart  and  in  ali  conditions  in  which  the  lungs  are  retracted  so  as  to 
bring  the  aortic  arch  and  the  conus  arteriosus  into  more  extended  relation 
with  the  wall  of  the  thorax.  An  apparent  increase  in  the  loudness  of  one 
or  the  other  elements  of  the  second  sound  is  produced  by  the  retraction  of 
the  anterior  border  of  the  lung  upon  the  corrcsponding  side.  The  second 
sound  is  diminished  in  intensity  by  those  conditions,  both  general  and 
cardiac,  which  weaken  the  action  of  the  heart  and  diminish  the  intensity 
of  the  first  sound. 

The  dignificance  of  changes  in  the  inten8ity  of  the  aortic  and  pul- 
monary  elements  in  the  second  sound  demands  consideration. 

It  has  already  been  pointed  out  that  in  normal  individuals  after  middle 
life  the  aortic  second  sound  is  more  intense  than  the  pulmonary.  A  mere 
increase  in  the  volume  of  the  sound  may  be  the  result  of  increased  cardiac 
action.  An  increase  associated  with  that  change  of  quality  designated  by 
the  term  accentuation  constitutes  a  morbid  phy8ical  sign  and  becomes 
more  significant  in  proportion  as  the  accentuation  becomes  more  nuurked. 
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Accentuation  of  the  aortic  second  sound  occurs  in  ali  conditions  in 
which  the  arterial  blood-pressure  —  vis-a-fronte  —  is  increased,  namely, 
arteriosclerosis,  chronic  nephritis..  and  in  aortic  aneurism  and  dilatation 
of  the  aortic  arch.  In  conditions  characterized  by  habitual  increase  in 
arterial  tension  there  is  usually  cardiac  hypertrophy. 

Diminution  in  the  intensity  of  the  aortic  second  sound*  occurs  in 
conditions  in  which  the  blood  thrown  into  the  aorta  by  the  ventricular 
svstole  is  reduced  in  amount  as  in  aortic  and  mitral  stenosis  and  to  some 

■r 

degree  also  in  mitral  insufficiency.  Under  these  circumstances  the  aortic 
second  sound  may  be  so  diminished  as  to  be  no  longer  heard  at  the  apex. 
Weakeningof  the  wall  of  the  heart,  as  in  fibrous  and  interstitial  myocarditis, 
fatty  degeneration,  and  extreme  dilatation^  likewise  gives  rise  to  enfeeble- 
ment  of  the  aortic  second  sound.  Relaxation  of  the  peripheral  arteries 
produces  the  same  effect.  The  aortic  second  sound  is  extremely  faint  in 
coUapse  from  any  cause. 

The  pulmonic  second  sound  is  louder  than  the  aortic  in  children  and  in 
young  adults.  A  pathological  increase  in  the  loudness  of  this  sound  has  the 
same  significance  in  regard  to  the  pulmonary  circulation  that  an  increase 
in  the  aortic  second  sound  has  in  regard  to  the  general  circulation^  namely, 
an  augmentation  in  the  resistance  to  the  flow  of  the  blood.  This  occurs 
in  chronic  valvular  disease  of  the  heart,  especiall}'  in  mitral  stenosis  and 
insufficiency,  and  in  various  pulmonary  diseases,  particularly  emphysema, 
chronic  bronchitis,  phthisis,  interstitial  pneumonia,  and  compression 
atelectasis.  These  conditions  are  associated  with  hypertrophy  of  the 
right  ventricle,  compensatory  in  nature;  \vhen  the  compensation  fails, 
the  pulmonary  second  sound  becomes  faint  and  indistinct.  Under  aH 
these  conditions  the  more  intense  pulmonary  second  sound  is  also 
accentuated. 

Weakening  of  the  pulmonary  second  sound  is  the  sign  of  a  weakened 
right  ventricle  or  tricuspid  insufficiency.  This  sign  is  of  great  value  in 
pneumonia  as  indicating  failure  of  the  right  ventricle.  The  pulmonic  second 
sound  should  therefore  be  8ystematically  studied,  since  it  affords  at  once 
indications  for  treatment  and  data  for  prognosis. 

Rh3rthin. — Allorrhythmia  is  the  general  term  used  to  designate  devi- 
ations  from  the  normal  rhythm  of  the  heart.  See  Arrhythmia,  p.  468  et  seq. 
under  Radial  Pulse. 

Theories  of  the  Mechanism  of  the  Heart. — The  neurogenic  or  older 
theory  wa8  based  upon  the  assumption  that  the  rhythmic  contractions  of 
the  heart  muscle  are  due  to  stimuli  originating  in  the  nervous  system,  either 
in  the  motor  cells  of  the  brain  or,  as  modified  by  Volkman,  in  the  cardiac 
ganglia.  The  myogenic  theory,  which  we  owe  to  the  brilliant  work  of 
Gaskell  and  Englemann,  is  of  recent  origin  and  ascribes  the  contractions 
to  automatic  impulses  originating  in  and  conducted  by  the  muscle.  The 
8ub6equent  studies  of  His,  Keith,  Tawara,  Erlanger  and  others  have 
8hown  that  these  properties  are  possessed  not  by  the  myocardium  as  a 
whole  but  by  certain  highly  specialized  muscle  fibres  embryonic  in  type, 
which  differ  in  structure  from  the  muscle  fibres  of  the  adult  heart  and  are 
preaent  in  the  remains  of  the  primitive  cardiac  tube.  These  muscle  fibres 
MDatitute  a  8y8tem  beginning  at  the  junction  of  the  superior  vena  cava 
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and  the  auricle  as  a  small  net-like  mass  recently  described  by  Keith  and 
Flask  and  now  regarded  as  the  seat  of  the  primary  impulses,  continued  in 
the  right  auricle  as  theatrio-ventricularorTawara's  nodeand  passing  thence 
into  the  septum  and  branching  into  both  ventricles  as  the  bundle  of  His. 
The  myogenie  theory  during  the  short  period  since  it  was  first  formulated 
has  aroused  widespread  interest  among  anatomists,  physiologists  and 
clinicians  and  been  singularly  productive  in  its  influence  upon  biological 
investigation  and  practical  medicine.  Among  other  matters  it  has  brought 
about  an  orderly  classification  of  the  cardiac  arrhythmias  and  shed  muv-ii 
light  upon  their  significance. 

Properties  of  the  Heart  Muscle. — The  studies  of  Gaskell  and  Engle- 
mann  have  shown  the  following  properties  to  be  inherent  in  the  myocardium 
and  to  constitute  the  basis  of  the  physiology  and  clinical  pathologv  of  the 
heart:  1.  Stimulus  production — the  capability  of  the  heart  to  generate 
automatic  rhythmic  impulses.  2.  Excitability — the  ability  to  responu  to 
an  adequate  stimulus  by  contraction.  3.  Conductivity — the  power  of  trans- 
mitting  the  impulse  from  one  plače  in  the  heart  to  another.  4.  Con- 
tractility — the  capacity  to  react  to  more  favorable  conditions,  in  respect 
of  rest,  nutrition,  temperature  and  so  on,  with  stronger  contraetions. 
5.  Tonicity — the  degree  of  contraction  which  the  heart  maintains  during 
diastole,  by  virtue  of  which  the  total  volume  of  the  organ  and  the  size  of 
the  cavities  are  less  than  if  full  muscular  relaxation  were  to  occur  in 
diastole. 

Two  other  properties  of  the  myocardium  are  essential  to  the  myogenic 
theory.  The  first  is  known  as  the  Ali  or  None  Lam.  It  is  the  formulation 
of  the  fact  that  while  a  skeletal  muscle  reacts  in  proportion  to  the  vigor 
of  the  stimulus,  the  heart  has  only  one  kind  of  response  to  ali  degrees  of 
stimulation.  A  stimulus  barely  strong  enough  to  cause  a  contraction  will 
cause  the  most  powerful  contraetions  of  which  the  heart  is  capable  under 
given  conditions  at  the  moment.  No  increase  of  stimulation  will  increase 
the  force  of  the  contraction. 

The  second  is  the  Absence  of  Tetanus.  A  skeletal  muscle  reacts  to 
continuous  rapid  stimulation  by  continuous  contraction,  whereas  the 
vertebrate  heart  responds  with  a  single  contraction  and  to  continuous 
stimulation  by  a  series  of  distinctly  separate  contraetions.  This  is  attrib- 
uted  to  the  refractory  period,  the  reaction  to  the  stimulus  failing  to  occur 
until  the  effect  of  the  previous  contraction  has  ceased. 

The  influence  of  the  vagus  and  the  accelerators  upon  the  action  of  the 
heart  is  important  in  connection  with  the  myogenic  theory.  The  rate  of 
beats,  the  conductivitv,  the  excitability  and  contractility  are  decreased 
by  the  influence  of  the  vagus  fibres  and  increased  by  that  of  the  accelerator 
fibres.  Englemann  holds  that  there  are  separate  nerve  fibres  which  influence 
each  of  those  functionsanddesignates  those  which  regulate  the  rate  chrono- 
tropic;  those  which  mfluence  the  conductivity  dromotropic;  those  which 
modify  the  irritability  bathmotropic  and  those  which  act  upon  the  con- 
tractility  inotropic.  Finally,  the  influence  of  the  elasticity  and  contractiIity 
of  the  blood-vessels  upon  the  heart  through  the  action  of  the  vasomotor  8ys- 
tem  enters  largely  into  pathological  considerations  and  has  an  important 
bearing  upon  diagnosis. 
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iupply  definite  data  in  regard 
That  this  storj"  has  been  fully 


Methods. — Formerly  the  arterial  pulse  and  &pex  beat  were  the  guides 
to  the  8tudy  of  the  cardiac  rhythm.  The  sphymograph  and  cardiograph 
added  something  to  our  knowledge  but  lesa  than  wa8  hoped.  Auscultation 
revealed  the  sounds  and 
murmurs  which  attended 
the  beginning  and  the  end 
of  the  ventricuiar  ay8tole 
and  recognizes  ventricuiar 
■  contractions  which  fail  to 

reach  the  superficial  arte- 
ries  as  pulse  beats.    The 

defect  of  ali  of  these  meth- 

oda  is  that  they  give  no 

positive  sign  of  the  condi- 

tion  of  the  auricles.  Trac- 

infs  of  the  jugular  pulse 

peveal  the  condition  of  the 

right  auricle.     The  poly- 

graph  tells  the  whole  story 

of    the    contractions    of 

theauricles  and  ventricles, 

vhile  the  sphygmogram  and  cardiogram 

t«  the  opening  of  the  aortic  valve  sy3tem. 
&nd  finally  interpreted  cannot  be  said. 

ABNORMAL  OR  ADVENTITIOUS  SOUNDS. 

Upon  auscultation  over  the  beart  and  great  vessels  sounds  are  heard  in 
patholo^cal  conditious  which  differ  from  the  normal  heart  sounda.  These 
sounds  bear  a  definite  relation  to  the  cardiac  cycle  and  are  dependent  upon 
the  action  of  the  heart.  Those  which  have  their  origin  within  the  heart  are 
^kea  of  as  endocardial,  those  wbich  arise  outside  of  the  heart  as  exocardial. 

A.  Endocardial  adventitious  sounds  are  called  murmurs.     They  are: 
Organic;  Functional,  Accidental  or  Hsemic. 

B.  Exocardial  adventitious  sounds,  sometimes  called   pericardial   mur- 

murs, include: 

Pericardial  Friction;  The  Precordiai  Rales  of  EmphyBeraa; 

Pleuropericardial  Friction;  Pericardial  Splashing; 

Cardiopulmonary  Murmurs;  The  Murmurs  of  Aneurism. 
A.  Endocardial  Murmurs.— Much  confusion  has  ansen  from  attompts 
to  explain  auscultatory  phenomena  in  musical  terms.  Neither  the  sounds  of  the 
heart — eometimes  erroneously  called  "toneš" — nor  cardiac  murmurs,  with 
exception8  pre9ently  to  be  mentioiied,  are  musical  phenomena.  They  both 
arise  from  irregular  sound-producing  vibrations  which  lack,  as  a  rule,  the 
r^iidity  neceesary  to  the  production  of  musical  toneš.  A  "sound"  of  the 
bMft  is  produced  by  a  single  sudden  derangement  of  the  equipoise  of  sound- 
producing  atructures,  which  are  thrown  into  vibration;  a  raurmur  by  the  con- 
tinuoufl  action  of  forcea  which  raaintain  such  vibrations.    The  aound  presently 
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ceases;  the  murmur  continues  so  long  as  the  force  which  causes  the  vibra- 
tions  continues  to  act.  The  sound  corresponds  in  a  way  to  a  single  blow 
upon  a  drum;  the  murmur  to  the  continuous,  rapidly  repeated,  but  less  in- 
tense  sounds  known  as  the  roUof  the  drum;  or  the  sound  to  the  picking  of  the 
violin  string,  the  murmur  to  the  continuous  note  made  by  the  drawing  of 
the  bow.  But  both  these  comparisons  have  the  fault  of  likening  musical 
phenomena  to  those  which  usuaily  lack  the  musical  quality.  Furthermore 
the  mechanism  by  which  sounds  and  murmurs  are  produced  is  different. 

The  Mectumism  of  Endocardlal  Murmars. — The  heart  sounds  arise  from 
the  contraction  of  the  heart  muscle,  the  vibration  of  the  blood  mass,  and 
the  sudden  tension  of  the  auriculoventricular  and  semilunar  valve  sys- 
tems.  When  murmims  arise  a  new  set  of  physical  conditions  comes  into 
play,  namely,  fluid  veins  (see  p.  160).  These  swirls,  or  currents  within 
currents  of  the  blood,  are  attended  with  vibrations,  which,  first  eom- 
municated  to  the  wall  of  the  heart  or  vessels  and  thence  by  way  of  the 
intervening  tissues  to  the  surface  of  the  chest,  are  recognized  by  the 
auscultator  as  auditory  phenomena — murmurs. 

The  Mechanism  of  Organic  Marmars — Leslons. — In  by  far  the  greater 
number  of  instances  the  fluid  veins  are  due  to  actual  lesions  of  the  heart, 
and  for  this  reason  the  murmurs  are  known  as  organic.  The  lesions  mostly 
involve  the  valves,  a  fact  which  is  indicated  by  the  descriptive  adjective 
valvular.  They  are  on  the  one  hand  inflammatory  and  proliferative  or 
adhesive,  on  the  other  sclerotic.  Those  that  occur  in  early  life  are  usu- 
ally  inflammatory;  those  which  develop  later  are  mostly  sclerotic;  but 
the  inflammatory  lesions  of  the  valves  undergo  sclerotic  changes,  and  old 
sclerotic  valves  are  frequently  the  seat  of  recurrent  inflammatory  proč- 
esses — recurrent  endocarditis.  As  the  result  of  each  of  these  processes 
involving  the  valves,  deformities  arise.  Inflammation  causes  vegetations, 
thickening,  adhesions,  and  in  extreme  cases  necrosis;  sclerosis  gives  rise 
to  thickening,  retraction,  crumpling;  both  result  in  loss  of  ela8ticity  and 
freedom  of  movcment.  In  cases  of  long  standing  Ume  salts  are  deposited 
and  the  rigidity  and  deformity  are  correspondingly  increased. 

Stenosis  and  Insufficiency. — The  impairment  of  function  is  two- 
fold.  That  function  of  the  valves  by  which  they  yield  before  the  blood 
stream  and  permit  it  to  pass  unhindered  from  auricle  to  ventricle  or 
from  ventricle  to  artery  may  be  deranged.  The  condition  is  known  as 
stenosis  or  narrowing,  and  the  fluid  veins  are  developed  in  the  normal 
direction  of  the  blood  stream.  Or  that  function  by  virtue  of  which  the 
valves  close  their  respective  orifices  is  at  fault,  and  there  is  valvular 
insufficiency  or  incompetency,  the  fluid  veins  developing  in  the  reverse 
direction.  Verv  often  both  these  functions  are  impaired,  and  the  condi- 
tion is  that  of  combined  stenosis  and  insufficiency,  with  double  murmurs. 

Relative  Insufficienct.  —  Again,  the  orifice  guarded  by  a  valve 
system  mav  be  enlarged  in  consequence  of  the  dilatation  of  the  heart,  so 
that  the  edges  of  the  valves  may  be  unable  to  meet  and  close  it.  This  con- 
dition is  known  as  relative  insufficiency  or  incompetence,  and  is  dependent 
not  upon  lesions  of  the  valves,  but  upon  nutritive  or  degenerative  lesions 
of  the  heart  muscle.  Acute  relative  insufl[iciency  such  as  sometimes  accom- 
panies  the  heart  failure  of  violent  exertion  is  due  to  relasation  of  the  waU 
of  the  heart  and  papillary  muscles. 
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Roughening  of  the  surfaces  of  the  valves  or  of  the  parts  immediately 
adjacent  to  them  and  sudden  dilatation  of  the  artery  just  beyond  the  val  ve 
8y8tem  may  lead  to  the  production  of  a  murmur. 

The  deforinity  which  gives  rise  to  an  endocardial  murmur  may  be  of  ali 
degrees,  from  such  as  only  slightly  impair  the  function  of  the  valve  system 
to  a  stenosis  which  leaves  a  tiny  orifiee  or  mere  chink  for  the  passage  of 
the  blood  or  an  incompetence  that  is  almost  complete  and  transfers  the 
pressure  of  the  blood  column  to  the  wall  of  the  chamber  of  the  heart  which 
is  immediately  behind  the  defective  valve,  namely,  the  left  ventricle  in 
aortic  insufficieney  and  the  left  auricle  in  mitral  insufficiency.  A  projecting 
firm  vegetation  or  rigid  spicule  or  the  inelastic  edge  of  a  sclerotic  valve 
inay  be  the  cause  of  a  systolic  murmur,  where  there  is  practically  no 
actual  narrowing  of  the  orifiee.  One  of  the  first  lessons  for  the  študent 
of  heart  murmurs  to  learn  is  that  by  no  means  every  systolic  murmur 
having  its  point  of  maximum  intensity  in  the  aortic  area  is  the  sign  of 
aortic  stenosis. 

Stenosis  or  Narrowing  of  an  Orifice  Guarded  by  a  Valve 
Ststem. — There  is  impairment  of  the  function  by  which  the  valves  open 
at  the  physiologieal  moment.  The  flow  of  the  blood  is  obstructed  and 
under  ordinary  circumstanees  a  murmur  is  produced,  which  is  spoken  of 
as  an  obstructive  murmur.  If  the  heart  be  very  feeble,  marked  obstruc- 
tion  may  exist  without  producing  a  murmur  that  can  be  recognized.  If  the 
left  aurieuloventricular  orifice  is  involved,  the  condition  is  known  as  mitral 
stenosis  or  obstruction;   if  the  aortic,  as  aortic  stenosis  or  obstruction. 

Incompetence  or  Insufficienct. — The  function  of  the  valves  by 
which  they  close  the  orifice  is  impaired  and  a  portion  of  the  blood  which 
has  just  passed  through  the  orifice  escapes  from  the  main  stream  and  flows 
back  into  the  chamber  of  the  heart  whence  it  came.  This  pathological 
event  is  known  as  regurgitation,  and  the  murmur  which  attends  it  is  called 
a  regurgitant  murmur.  We  then  have  mitral  and  aortic  incompetence, 
insufficiency  or  regurgitation  as  one  or  the  other  of  these  valve  systems  is 
affected. 

Valvular  lesions  of  the  right  side  of  the  heart  are  of  infrequent  occur- 
renee.  They  are  sometimes  the  result  of  developmental  defects  or  prenatal 
endocarditis.  However  produced  they  cause  similar  impairment  of  the 
valve  functions,  manifest  by  murmurs — tricuspid  and  pulmo'-iary  stenosis 
and  incompetence.  Stenosis  is  always  due  to  deformity  of  the  segments 
of  a  valve  system.  Incompetence  is  mostly  due  to  the  same  cause,  but 
not  alway8.  The  deformity  which  prevents  a  valve  from  fully  opening 
also  generally  prevents  it  from  fully  closing. 

CoMBiNED  STENOSIS  AND  INCOMPETENCE  arises  under  the  conditions 
just  indicated.  The  lesion  is  a  "double"  one  and  manifests  itself  by  a 
"double"  or  *'to-and-fro''  murmur. 

Incompetence  may,  however,  arise  in  the  absence  of  stenosis  as  the 
result  of  (a)  a  lesion  by  which  a  valve  segment  has  been  destroyed  by 
ulcerative  endocarditis  or  has  contracted  adhesions  to  the  wall  of  the 
heart,  or  (b)  of  relaxation  of  the  cardiac  muscle,as  in  relative  insufl5ciency. 

Stenosis  without  incompetence  is  comparatively  infrequent;  incom- 
petence without  stenosis  is  not  very  uncommon. 
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Valvular  lesions  exert  their  effect  (a)  upon  the  blood  stream  within 
the  heart,  (b)  upon  the  walls  of  the  heart,  (c)  upon  the  viscera,  and  finally 
(d)  upon  the  peripheral  circulation. 

(a)  The  Effect  of  the  Valvular  Lesions  which  Produce  Endo- 

CARDIAL    MURMURS    UPON    THE    BlOOD    StREAM   WITHIN  THE  HeART. — The 

beginning  of  evil  in  stenosis  and  incompetence  is  the  same.  It  oonsists 
in  a  reduction  of  the  quantity  of  blood  which  eventually  passes  the 
diseased  valve  system  with  each  revolution  of  the  heart.  In  stenosis  a 
portion  of  the  stream  corresponding  to  the  extent  of  the  pathologioal 
barrier  is  held  back;  in  incompetence  a  portion  corresponding  to  the 
degree  of  the  pathological  defect  returns  into  the  chamber  whence  it 
came — regurgitates.  The  result  is  a  tendency  to  retardation  of  the  flow. 
diminution  in  the  volume  of  blood  entering  the  arteries,  and  increase  in 
the  volume  retained  in  the  veins,  with  progressive  transference  of  blood- 
pressure  from  the  arterial  to  the  venous  side  of  the  circulation.  Were  this 
tendency  unchecked  every  čase  of  valvular  disease  would  in  a  short  t  ime 
lerminate  in  death,  the  venous  pressure  rising  and  the  arterial  falling  until 
the  circulation  becomes  no  longer  possible.  This  result,  which  is  the  usual 
cause  of  death  in  valvular  disease,  is  postponed  for  an  indefinite  period  by 
compensatory  changes  in  the  muscle  of  the  heart  itself.  It  is  true  these 
ehanges  are  consecutive  to  the  lesion,  but  as  the  latter  is  progressive,  the 
former  are  correspondingly  progressive.  When  the  one  advances  at  the 
same  rate  as  the  other  a  physiological  balance  is  again  established,  the 
stability  of  which  depends  upon  the  tardiness  of  the  valvular  disease  on  the 
one  hand,  and  the  ability  of  the  hypertrophied  heart  muscle  to  maintain 
its  nutrition  on  the  other.  When  extensive  valvular  defects  develop  sud- 
denly  or  are  rapidly  progressive,  compensation  is  not  established  and 
death  occurs  in  a  short  ti  me. 

(b)  The  Effects  upon  the  Walls  of  the  Heart. — The  immediate 
effects  of  the  separation  of  the  blood  stream  into  a  major  part  circulating 
under  physiological  conditions  and  a  minor  part  held  back  under  patho- 
logical influences  are  exerted  upon  the  walls  of  the  chamber  behind  the 
affected  valve  system.  They  are  first  dilatation,  then  hypertrophy.  These 
changes  may  afTect  the  whole  organ,  the  heart  acting  as  a  single  muscle 
and  undergoing  a  general  enlargement  in  response  to  the  increased  work 
required  of  it;  more  commonly  they  aflfect  one  or  more  of  the  ehambers 
and  in  particular  that  chamber  immediately  subjected  by  the  valvular 
lesion  to  increase  in  its  blood  contents  in  diastole  and  to  a  necessary 
increase  in  its  energy  in  systole  in  order  to  overcome  the  obstacle  in  stenosis 
or  propel  an  augmented  volume  of  blood  in  incompetence.  In  mitral 
stenosis  the  left  auricle  cannot  empty  itself  and  receives  blood  from  the 
pulmonary  circuit;  in  mitral  incompetence  it  receives  blood  at  the  same 
moment  from  the  pulmonary  circuit  and  the  left  ventricle;  in  combined 
mitral  lesions  some  blood  is  retained  and  some  regurgitates,  while  the 
physiological  supply  enters  by  the  pulmonary  veins.  Consequently  the 
left  auricle  is  first  dilated  and  then  hypertrophied.  In  aortic  stenosis  the 
left  ventricle  cannot  empty  itself  and  in  diastole  the  blood  received  from 
the  left  auricle  is  augmented  by  that  retained  at  the  tirne  of  the  previous 
8ystole;   in  aortic  incompetence  blood  enters  the  left  ventricle  in  diastole 
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at  the  same  moment  from  two  sources,  the  left  auricle  and  the  aorta; 
in  combined  aortic  disease  the  blood  coming  from  the  left  auricle  is 
augmented  by  that  retained  at  the  previous  systole  and  that  returning 
from  the  aorta.  Under  these  circumstances  the  left  ventricle  is  first  dilated 
and  then  hypertrophied.  It  is  important  to  bear  in  mind  the  cardinal 
fact  that  ali  these  changes,  like  the  lesion  itself,  are  slight  at  first  and 
gradually  progress,  and  that  in  the  early  stages  neither  the  dilatation 
nor  the  hypertrophy  can  be  recognized  by  the  ordinary  methods  of  physical 
diagnosis.  Even  at  this  period  the  murmurs  indicative  of  the  respective 
lesions  are  commonly  quite  audible,  often  loud  or  harsh,  and  months 
may  elapee  before  the  signs  of  enlargement  of  the  heart  or  venous  stasis 
can  be  determined.  The  diagnosis  rests  upon  the  presence  and  characters 
of  the  murmur.  Nevertheless  it  is  ah  error  to  speak  of  this  stage  as  pre- 
ceding  compensation.  There  are,  however,  cases  of  rapidly  developing 
lesions  in  whieh  complete  compensation  is  only  gradually  attained;  some 
in  which  it  is  never  reached.  If  the  quantity  of  blood  held  back  in  stenosis 
or  regurgitated  in  incompetence  be  represented  by  Xy  it  is  evident  that 
there  must  be  an  increased  capacity  of  the  afTected  chamber,  represented 
by  the  same  symbol,  and  that  the  chamber  must  be  dilated  to  that 
extent.  While  if  the  resulting  hypertrophy  of  the  wall  of  the  chamber  be 
such  as  to  enable  it  to  propel  the  normal  quantity  of  blood  plus  x,  it  is 
evident  that  a  condition  is  established  in  respect  to  the  volume  of  blood 
nnaintained  in  circulation,  which  is  practically  normal  despite  the  valvular 
lesion,  and  this  condition  is  known  as  compensation.  This  condition  exists, 
however,  by  virtue  of  an  abnormal  increase  in  the  nutrition  and  work  of 
the  heart  muscle  and  at  the  expense  of  the  normal  reserve  power  of  the 
heart,  and  is  therefore  unstable.  It  consists  in  a  degree  of  dilatation  and 
hypertrophy  combined  and  in  ratio  to  the  valvular  defect,  but  demands 
for  its  maintenance  a  hypertrophy  slightly  in  excess  of  the  dilatation.  The 
nutrition  of  the  overgrown  and  overworked  muscle  ultimately  fails  and 
dilatation  develops  in  excess  of  hypertrophy.  The  compensation  under 
these  circumstances  is  said  to  be  at  first  '^deranged"  or  ''failing/'  later 
*'broken  *'  or  *'ruptured.*'  It  is  a  question  of  degree.  In  a  small  proportion 
of  the  cases  failure  of  compensation  occUrs  in  the  absence  of  marked 
increase  in  the  size  of  the  affected  chamber  or  chambers  of  the  heart 
and  has  been  ascribed  to  derangement  of  the  innervation  of  the  heart. 

(c)  Effects  upon  the  Viscera. — Compensation,  while  adequate  to 
the  maintenance  of  a  fair  degree  of  health  for  an  indefinite  period,  is  never 
complete.  There  is  always  increased  resistance  to  the  onward  flow  of  the 
arterial  blood  and  a  corresponding  increase  in  the  blood-pressure  upon  the 
venous  side  of  the  circulation.  This  results  in  increased  fulness  of  the 
pulmonary  circuit,  manifest  by  accentuation  of  the  pulmonary  second 
sound,  hypertrophy  of  the  right  ventricle  and  a  tendency  to  passive  hyper- 
emia  of  the  viscera  in  general;  hence,  accentuation  of  the  aortic  second 
sound,  dyspnoea  upon  exertion,  a  peculiar  liabilitv  to  bronchial  catarrh 
and  the  occasional  occurrence  of  blood-streaked  sputum  or  slight  haemop- 
ijfOB — phenomena  which  are  common  in  mitral  disease  even  while  the 
compensation  remains  fairly  good.  Upon  failure  of  compensation  there  is 
mftrked  venous  engorgement  of  the  viscera,  with  grave  derangement  of 
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function,  shown  on  the  part  of  the  lungs  by  marked  dyspnoea  or  orthop- 
nea,  cyanosis,  cough,  and  the  occasional  expectoration  of  frothy  blood; 
of  the  liver  and  gastro-intestinal  organs  by  loss  of  appetite,  deficient  dige&- 
tion,  nausea,  slight  jaundice  and  constipation;  on  the  part  of  the  kidney8 
by  scanty  urine  and  albuminuria.  Dulness,  stupor,  somnolence  with  ina- 
bility  to  sleep  are  symptom8  of  the  derangement  of  the  cerebral  circulation. 

(d)  Effects  upon  the  Peripheral  Circulation. — While  eompen- 
sation  is  maintained,  dropsy,  as  the  result  of  valvular  lesions,  does  not 
occur.  There  is  sometimes  to  be  found  slight  pretibial  oedema,  especially 
after  fatiguing  exertion  or  long  standing.  When  compensation  fails,  how- 
ever,  the  diminished  arterial  pressure  and  the  increased  venous  pressure 
interfere  with  the  circulation  of  the  blood  in  the  capillary  zone  and  give 
rise  to  crdema.  Under  these  cireumstanees,  there  is  an  accumulation  of 
extravascular  serum  about  the  capillaries  and  a  retardation  of  the  lymph- 
flow.  Hence  the  visceral  derangements  are  not  only  hypera5mic,  thev  are 
also  CEdematous.  The  action  of  gravity  renders  this  accumulation  of  extra- 
vascular  fluid  early  manifest  in  the  dependent  parts,  namely,  the  legs  and 
feet.  As  it  increases,  the  thighs,  genitalia,  and  loins  become  involved,  and 
finally  there  is  general  oedema  with  effusion  into  the  serous  sacs.  The 
dropsy  of  heart  disease  is  often  irregularly  distributed,  but  it  s  presence 
in  particular  localities  may  usually  be  explained  by  the  relativelv  loose 
arrangement  of  the  subcutaneous  or  other  tissues  involved,  post  ura! 
influences,  and  the  action  of  gravity. 

Compensation  in  mitral  disease  commonly  fails  by  degrees.  W'ith 
periods  of  improvement  follo\ving  rest  and  treatment,  and  the  ultimate 
catastrophe  usually  occurs  after  impaired  health  of  prolonged  duration. 

Compensation  in  aortic  disease  is  chieflv  maintained  by  the  left  ven- 
tricle,  which  often  becomes  enormousl}'  hypertrophied,  —  cor  bovinum, 
There  is  some  increase  in  the  venous  pressure,  since  the  ventricle  receives 
its  blood  in  diastole  not  only  from  the  auricle  but  also  from  the  aorta, 
but  so  long  as  the  mitral  valve  remains  competent,  the  visceral  engorge- 
ment  and  general  crdema  which  characterize  the  dvscrasia  of  the  stadium 
idiimum  of  mitral  disease  do  not  occur.  Precordial  pain,  angina  pectoris, 
and  momentarv  faintness  upon  rising  or  at  stool  are  common,  and  in  many 
cases  the  rupture  of  compensation  is  immediate  and  instantly  fatal.  death 
occurring  \vith  the  heart  in  asvstole. 

The  Mechanism  of  Functional,  Accidental,  or  Hiemic  Marmars.  —  The 
murmurs  designated  by  these  terms  are  not  slgns  of  disease  of  the  val  ves 
or  orifices  of  the  heart.  The  frequency  of  their  occurrence  enables  us 
to  determine  \vith  precision  that  they  do  not  correspond  to  anatomical 
changes  in  the  organ  found  upon  examination  after  death.  The  mechanism 
by  which  thev  are  produced  has  been  the  subject  of  much  controversv, 
but  none  of  the  explanations  advanced  has  been  generally  accepted. 
Functional  murmurs  are  almost  exclusively  svstolic  and  are  heard  over  a 
limited  space  in  the  pulmonary  area.  They  have  been  ascribed  to  dila- 
tation  of  the  conus  arteriosus,  to  the  fact  that  in  ansemia  and  similar 
conditions  there  is  lovvered  tonicity  of  the  arterial  walls  whieh  undergo  an 
abnormal  dilatation  at  the  tirne  of  the  systole,  and  to  the  lowered  blood- 
pressure  of  ansemia  in  the  aorta  and  pulmonary  artery,  which,  in  connec- 
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tion  with  the  relatively  high  intraventricular  pressure  at  the  beginning  of 
8ystole,  prevents  the  closure  of  the  semilunar  valves  and  the  systolic 
tension  of  the  vessels,  with  the  result  that  a  systolic  murmur  arises 
upon  the  passage  of  the  blood  into  the  large  vessels  at  the  moment  of 
physiologieaI  stenosis — contraction  of  the  cardiac  sphincters. 

Diastolie  functional  murmurs,  whieh  are  so  rare  that  they  scarcely 
demand  consideration  for  diagnostic  purposes,  are  probably  venous  mur- 
murs trans mitted  to  the  innominata  or  vena  eava  and  heard  at  the  base 
of  the  heart. 

The  Sls^nificaiice  of  Endocardial  Murmurs. — In  order  to  determine  the 
diagnostic  meaning  of  a  murmur  heard  upon  auscultation  of  the  precordial 
area,  we  must  first  answer  the  following  questions:  Is  it  endocardial 
or  exocardialf  (See  page  185.)  If  endocardial  is  it  organic  or  functional? 
fSee  page  196.)  Having  found  it  to  be  an  endocardial  murmur  of  ororanic 
origin  we  must  then  ascertain  (1)  its  time  in  the  cardiac  cycle;  (2)  its 
point  of  maximum  intensity;  (3)  the  direction  in  which  it  is  propagated 
and  the  area  over  which  it  can  be  heard;  (4)  its  relation  to  the  normal 
sounds  of  the  heart;  (5)  its  acoustic  properties,  and  (6)  the  effects  of 
exercise,  respiration,  and  posture  upon  it. 

(1)  The  Time  of  Murmurs  in  the  Cardiac  Cycle. — The  determina- 
tion  of  this  point  is  of  primary  importance.  For  diagnostic  purposes  the 
systole  may  be  regarded  as  lasting  from  the  beginning  of  the  first  sound  of 
the  heart  until  the  second  sound;  the  diastole  from  the  beginning  of  the 
second  sound  until  the  beginning  of  the  first  sound  in  the  next  revohition  of 
the  heart.  A  murmur  heard  at  the  time  of  the  first  sound  or  replacing  the 
first  sound  or  extending  into  or  developing  in  the  period  bet\veen  the  first 
and  the  second  sounds  is  sydolic.  Murmurs  which  develop  in  the  latter 
period  are  designated  late  sijstolic. 

A  murmur  which  occurs  at  the  time  of  the  second  sound  or  replaces  it 
is  diastolie,  Murmurs  which  occur  during  the  last  portion  of  the  diastole 
and  run  up  to  the  first  sound  are  known  as  j)r€systolic, 

When  the  heart  is  acting  moderately  there  is  no  difficultv  in  recognizing 
the  first  and  second  sounds  by  their  respective  characters,  and  the  long  and 
short  silences  by  their  relative  duration.  But  when  the  heart  is  rapid  the 
different  acoustic  characters  of  the  two  sounds  cannot  ahvays  be  made  out 
and  the  rhythm  is  so  deranged  that  the  difference  ljet\veen  the  long  and 
the  short  silence  is  less  marked.  Under  these  circumstances  the  svstole 
mav  be  determined  by  palpation  with  the  finger  over  the  apex  or  the 
carotid  artery  during  auscultation,  or  by  inspection  if  the  doublc  stetho- 
scope  is  used.  The  interval  bet\veen  the  time  of  the  cardiac  inipulse  and 
the  radial  pulse  renders  the  latter  a  misleading  guide  for  this  purpose. 

(2)  The  Point  of  Maximum  Intensitv  of  Muhmirs. — The  area  in 
which  a  murmur  is  best  heard  is  likewise  of  cardinal  importance  in  diag- 
nosiš.  The  murmur  is  loudest  at  the  point  of  its  production  and  is  l)est 
transmitted  in  the  direction  of  the  blood  stream  in  \vhich  the  fluid  veins 
which  produce  it  are  developed.  It  is  in  accordance  with  these  laws  that  a 
murmur  having  its  point  of  greatest  intensity  in  the  mitral  area  has  its 
origin  at  the  mitral  valve.  It  is  necessarv  in  this  connection  to  bear  in 
mind  the  fact  that  the  mitral  area  is  not  constant  in  tlie  normal  position 
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but  that  it  shifts  with  displacement  of  the  heart.  In  a  limited  proportion 
of  cases  of  mitral  disease  this  murmur  is  best  heard  to  the  right  of  the 
normal  position  of  the  impulse,  and  in  rare  instances  at  the  left  border  of 
the  sternum  higher  up,  even  as  high  as  the  punctum  maximum  of  the 
pulmonary  second  sound. 

It  is  also  in  accordance  with  the  above  laws  that  murmurs  heard  in 
the  pulmonary  area,  namely,  the  second  left  intereostal  space,  have  their 
origin  in  the  conus  arteriosus  or  at  the  pulmonary  orifice;  that  murmurs 
having  their  maximum  intensity  at  the  right  lower  border  of  the  sternum, 
at  the  level  of  the  fourth  and  fifth  intereostal  spaces,  or  at  the  base  of  the 
ensiform  eartilage  are  produced  at  the  tricuspid  orifice,  and  that  murmurs 
whose  maximum  intensity  is  in  or  near  the  aortic  area  have  their  origin 
at  the  aortic  orifice.  Murmurs  arising  at  this  point  very  often,  however, 
are  best  heard  over  the  upper  part  of  the  body  of  the  sternum  near  its 
left  border  or,  less  frequently,  at  the  apex  or  over  the  lower  part  of  the 
sternum — aortic  insufficienc}'. 

(3)  The  Puopagation  of  Murmurs  and  the  Extent  of  the  Area 
IN  WHICH  they  can  be  Heard.  —  Murmurs  are  very  often  heard  over 
limited  areas  and  transmitted  in  definite  directions.  This  is  especially  but 
not  exclusively  true  of  the  murmurs  produced  by  lesions  of  single  valve 
sy8tems.  Thus  the  murmur  of  mitral  stenosis — the  presystolic  murmur — 
is  heard  over  a  circumscribed  area  j  ust  above  the  apex  and  is  not  propa- 
gated,  while  the  systolic  murmur  of  mitral  incompetence  is  heard  over  a 
considerable  area  to  the  right  of  the  apex  and  upward  and  is  transmitted 
distinctly  in  the  direction  of  the  left  axilla  and  to  the  back.  On  the  other 
hand  the  svstolic  murmur  of  aortic  stenosis  is  usually  prolonged  and  loud, 
heard  over  an  extended  area  and  transmitted  into  the  carotid  and  sub- 
clavian  arterv:  it  is  in  some  instances  heard  at  a  distance  from  the  chest. 
The  diastolic  murmur  of  aortic  incompetence  may  also  be  heard  over  an 
extensive  area  of  the  chest  both  in  front  and  behind.  A  murmur  distinčtly 
heard  over  two  or  more  valve  areas  may  be  due  to  one  or  to  several  valve 
lesions.  If  it  is  systolic  in  time,  it  may  be  the  sign  of  mitral  insufficiency 
or  of  aortic  stenosis,  or  the  murmur  may  be  a  compound  of  two  murmurs, 
each  representing  one  of  these  lesions.  The  difficulties  are  greatly  increased 
when  there  are  to-and-fro  murmurs  representing  double  lesions — stenosis 
and  incompetence — of  the  respective  valves.  A  correct  diagnosis  rests 
upon  the  application,  in  the  study  of  individual  cases,  of  the  know]edge, 
obtained  by  clinical  experience  and  post-mortem  examination,  that  the 
murmur  produced  by  each  valvular  lesion  has  its  characteristic  point  of 
maximum  intensity  and  definite  line  of  propagation  along  which  its  inten- 
8ity  gradually  diminishes  as  the  stethoscope  is  moved  away  from  that 
point.  A  murmur  which  fulfils  these  requirements  in  regard  to  a  partieular 
valve  area  and  line  of  propagation  and  is  unaccompanied  by  any  other 
murmur  may  be  regarded  as  the  sign  of  a  lesion  of  that  valve.  When, 
however,  two  or  more  murmurs  are  heard  which  differ  in  their  acoustic 
characters,  as  pitch,  quality,  and  duration,  and  present  each  its  point  of 
maximum  intensity,  and  are  propagated  respectively  in  di£ferent  direc- 
tions, a  correct  diagnosis  can  only  be  reached  by  the  separate  8tudy  of 
each  as  though  it  alone  were  present,  the  others  being  for  the  time  bdng 
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disregarded.  In  this  anal^tical  stiidy  too  much  importance  cannot  be 
placed  upon  the  differences  in  pitch  and  quality  and  the  evidences  of  the 
influence  of  the  lesions  which  cause  the  murmurs,  upon  the  size  of  the  heart, 
the  viscera  and  the  pulmonary  and  peripheral  circulation.  In  compli- 
cated  cases  of  cardiac  disease  the  diagnosis  cannot  be  made  by  an  analysis 
of  the  murmurs  alone.  A  systematic  study  of  the  associated  physical  signs 
is  esaential  to  success. 

When  several  murmurs  are  present,  it  is  best  not  to  attempt  an  over- 
refined  diagnosis  in  regard  to  the  lesions  which  underlie  ali  of  them.  We 
mav  be  content  when  we  have  determined  with  accuracy  the  two  which 
are  most  important,  and  we  may  be  reconciled  to  our  inability  to  satis- 
factorily  do  more  than  this  by  the  knowledge  that  greater  nicety  of  diag- 
nosis, though  it  might  gratify  our  technical  ambition,  is  not  demanded 
by  the  requirements  of  therapeutics  and  prognosis,  and  has  been  dis- 
credited  by  the  experienee  of  the  post-mortem  room. 

In  this  connection  it  is  important  to  call  the  attention  of  the  študent 
to  the  fact  that  the  intensity  of  a  murmur  does  not  necassarily  gradually 
and  progressivelydiminish  in  its  line  of  propagation,  but  may  be  modified 
by  the  presence  of  a  viscus  or  the  interposition  of  a  new  growth.  Thus  an 
aortic  murmur  may  be  distinctlv  heard  in  the  aortic  area  and  near  the  apex 
and  only  faintly  in  the  intervening  space.  This  phenomenon  has  been 
attributed  to  the  interposition  of  the  right  ventricle,  while  the  transmission 
of  a  mitral  regurgitant  in  the  direction  of  the  left  axilla  may  be  abruptly 
interrupted  by  a  pleural  effusion  or  neoplasm. 

(4)  The  Relation  of  Murmurs  to  the  Sounds  of  the  Heart. — A 
murmur  may  accompany  the  sounds  of  the  heart  or  may  replaee  them. 
The  systolic  apex  murmur  of  mitral  incompetence  \vholly  or  in  part 
replaces  the  first  sound.  The  systolic  basic  murmur  of  aortic  stenosis 
accompanies  the  first  sound,  but  when  compensation  fails  the  first  sound 
is  greatly  weakened,  and  with  enfeeblement  and  dilatation  of  the  ventricle 
or  upon  the  supervention  of  relative  mitral  incompetence  it  may  no  longer 
be  heard.  In  aortic  stenosis  the  second  sound  is  not  often  heard  at  the 
aortic  cartilage,  because  the  deforniity  of  the  valve  usuallv  prevents  its 
closure.  In  aortic  incompetence,  the  second  sound  may  be  well  heard  or  it 
may  be  replaced  by  the  murmur.  In  some  cases  it  may  be  absent  in  the 
aortic  area  but  heard  over  the  carotid  arterv. 

A  murmur  which  accompanies  a  sound  also  follows  it,  since  the  time 
of  the  murmur  is  longer  than  that  of  the  sound.  A  murmur  may  run  up 
to  a  sound,  as  the  presystolic  murmur  of  mitral  stenosis.  In  rare  cases 
murmurs  occur  between  the  sounds.  The  persistence  of  the  sound  along 
with  the  murmur  may  l>e  of  favorable  prognostic  significance,  as,  for 
example,  in  aortic  incompetence,  where  it  indicates  partial  closure  of  the 
damaged  valve  cusps  with  corresponding  preservation  of  function. 

(5)  The  Acoustic  Propertiks  of  Murmurs. — Under  this  caption  the 
(a)  intensity,  (b)  quality,  (c)  pitch,  and  (d)  duration  of  murmurs  are  to  \ye 
considered. 

(a)  Inten8ity. — The  intensity  of  cardiac  murmurs  is  extremely  variable. 

A  murmur  may  be  so  loud  that  it  may  be  heard  at  a  distance  of  some 

fcet,  or  80  low  as  to  \ye  scarcelv  audible  when  the  patient  holds  his  breath. 
13 
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Not  infrequently  a  loud  murmur  is  heard  by  the  patient  himself.  Such  very 
loud  murmurs  are  rare.  The  intensity  of  a  murmur  is  by  no  means  pro- 
portionate  to  the  gravity  of  the  lesion  by  which  it  is  produced.  On  the 
contrary,  since  its  intensity  depends  upon  the  energy  with  whieh  the  blood 
is  propelled  through  the  afFected  orifice^  that  is,  upon  the  compensation,  a 
loud  murmur  is,  other  things  being  equal,  more  favorable  than  a  faint  one. 
As  compensation  fails,  the  murmur  becomes  fainter  and  it  not  infrequently 
happens  that  in  patients  coming  under  observation  with  greatly  impaired 
compensation  no  murmur  can  be  recognized  upon  careful  auseultation, 
but  after  rest  and  suitable  treatment  have  brought  about  inprovement  in 
the  general  eondition  and  in  compensation  a  murmur  appears  which 
becomes  more  intense  as  the  patient  grows  better.  This  is  especially 
the  čase  in  mitral  disease.  There  are,  however,  cases  of  acute  rheumatic 
endocarditis,  especially  in  children,  and  of  malignant  endocarditis  in 
which  the  changes  in  the  valvular  lesions  develop  rapidly  while  the  power 
of  the  myocardium  is  stili  maintained,  in  which  increasing  loudness  of  the 
murmur  constitutes  a  most  unfavorable  sign.  The  intensity  of  an  organic, 
endocardial  murmur  is  important  less  from  its  degree  at  any  one  time  than 
from  its  decrease  or  increase  during  the  progress  of  the  čase. 

A  murmur  is  not  usually  of  the  same  intensity  during  its  brief  course. 
In  general  it  is  louder  at  the  beginning  than  at  the  end.  Presystolic  mur- 
murs are,  however,  usually  louder  at  the  close.  The  cause  of  the  increase 
in  intensity  is  here  due  to  the  fact  that  the  blood  flows  gently  through  the 
auriculoventricular  orifice  at  the  beginning  of  the  ventricular  diastole, 
but  with  increased  force  under  the  stress  of  the  auricular  contraction  later. 

(b)  Quality. — Endocardial  murmurs  vary  in  quality  from  a  soft  blow- 
ing  sound  —  bellows  murmur,  souffle — of  little  intensity,  to  a  coarse. 
harsh,  rasping  sound  of  considerable  loudness.  In  rare  instanees  they 
are  musical.  The  musical  quality  is  usually  manifest  during  a  part  of 
the  murmur  only,  the  remainder  having  the  ordinary  blowing  or  rasping 
character.  The  musical  quality  indicates  an  organic  lesion,  but  does  not 
enable  us  to  define  its  nature  and  is  without  significance  in  prognosis 
except  that  it  indicates  a  certain  degree  of  power  in  the  heart  muscle.  The 
presystolic  murmurs  which  are  produced  by  mitral  and  tricuspid  stenosis 
and  the  *'Flint  murmur"  of  aortic  insufficiency  have  a  peculiar  "nim- 
bling'*  or  "blubbering"  quality  not  heard  under  other  conditions.  These 
murmurs  have  been  compared  to  a  short  roll  of  the  drum,  but  they  are 
much  less  regular. 

(c)  Pitch, — This  attribute  of  murmurs  is  also  variable.  Blowing 
murmurs  of  soft  quality  are  commonly  low  pitched,  while  the  coarser 
murmurs  are  often  high  in  pitch:  to  this  general  statement  the  excep- 
tion  that  the  very  coarse.  blubbering  presystolic  murmurs  are  usuallv 
of  low  pitch.  It  is  the  high-pitched  murmur  that  tends  to  assume  the 
musical  quality. 

(d)  Duration. — A  murmur  mav  occupy  the  whole  period  of  the  svstole 
or  the  diastole  or  anv  part  of  either  of  these  periods.  The  8y8toUc  murmur 
of  mitral  incompetence  is  sometimes  prolonged,  the  diastoUc  murmur  of 
aortic  incompetence  almost  always  so.  PresystoIic  murmurs  are  of  shorter 
duratioa    The  length  of  murmurs  is  not  of  itself  of  prognostic  agvuficanoe 
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(e)  Variatian  in  Murmurs, — Rapid  changes  in  the  acoustic  properties  of 
murmurs,  even  their  disappearance  and  reappearance,  may  occur  in  acute 
endocarditis  when  vegetations  are  forming  upon  the  valve  segments,  and 
e8pecially  in  the  malignant  form,  in  which  the  vegetations  grow  with  rapidity 
upon  the  valves  and  adjacent  walls  and  ulcerative  lesions  occur.  Similar 
changes  may  occur  in  the  course  of  acute  endocarditis  as  the  result  of 
rupture  of  chordse  tendineae  or  the  formation  of  adhesions  between  valve 
segmenta  or  between  a  segment  and  the  wall  of  the  heart. 

(6)  Effects  of  Ekercise,  Respiration,  and  Posture  upon  Endo- 
CARDiAL  Murmurs. — Faint  murmurs  usually  become  more  distinct  upon 
moderate  exercLse,  as  \valking  rapidly  two  or  three  times  across  a  room,  or 
stooping  and  rising  several  times  in  succession,  and  these  movements  are 
sometimes  necessary  in  the  examination  of  doubtful  cases.  When,  how- 
ever,  a  murmur  has  grown  indistinct  or  disappeared  as  the  result  of  rupture 
of  compensation,  movement  simply  increases  the  cardiac  dyscrasia. 

Organic  murmurs  are  usually  more  distinctly  audible  upon  quiet 
breathing,  or  while  respiration  is  momentarily  suspended,  ^nd  at  the  close  of 
expiration,  when  a  larger  area  of  the  heart  is  uncovered.  In  this  respect 
they  diflfer  from  functional  murmurs,  which  are  frequently  best  heard  upon 
inspiration. 

Posture  exerts  an  important  influence  upon  the  intensity  of  certain 
murmurs.  Systolic  murmurs  not  heard  in  the  upright  position  may  be 
distinctly  audible  in  recumbency;  on  the  other  hand,  murmurs  not  heard 
in  the  recumbent  posture  may  be  recognized  when,  by  the  patient 
leaning  forward,  the  heart  is  brought  into  closer  relation  with  the  wall 
of  the  thorax.  PresystoUc  murmurs  are  sometimes  much  better  heard  in 
the  erect  than  in  the  recumbent  posture. 

The  Sisrnificaiice  of  Functional,  Accidental,  or  Hiemic  Murmurs. — A  large 
proportion  of  endocardial  murmurs,  much  larger  than  was  formerly 
supposed,  are  not  associated  with  anatomical  cardiac  lesions.  Certainly 
murmurs  are  not  rarely  heard  intra  vitam  in  cases  in  which  no  corresponding 
valvular  lesions  are  found  post  martem.  Systolic  murmurs  arising  in  condi- 
tions  of  cardiac  asthenia  from  relaxation  of  the  cardiac  sphincter — rela- 
tive  incompetence — and  having  aH  the  characters  of  incompetence  from 
actual  lesions  at  the  mitral-  orifice,  though  often  transient  are  not  usually 
described  as  ** functional."  Short,  whiffing,  systolic  murmurs,  sometimes 
heard  in  the  mitral  area  directly  after  violent  or  prolonged  physical  eflfort, 
are  probably  due  to  relative  insufficiency  resulting  from  acute  dilatation. 
They  disappear  in  the  course  of  a  little  time. 

Functional  murmurs  are  al  most  always  systolic  in  time.  By  far  the 
greater  number  of  them  have  their  point  of  maximum  intensity  in  the 
pulmonic  area;  occasionally  only  are  they  most  distinctly  heard  in  the 
aortic  or  mitral  areas.  They  are  commonly  well  heard  to  a  little  distance 
from  the  point  of  maximum  intensitv  in  ali  directions  rapidly  diminishing 
in  loudness,  and  are  not  distinctly  transmitted  in  a  definite  line,  as  is  usual 
with  organic  murmurs.  They  are  as  a  rule  soft  and  blowing  in  character. 
A  loud  coarse  murmur,  whatever  its  other  points  of  resemblance  to  func- 
tional murmurs,  is  likely  to  prove  to  l>e  organic,  especially  when  persistent. 
Functional  murmurs  are  usually  most  distinct  at  the  close  of  inspiration. 
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They  are  commonly  transient  and  disappear  when  the  condition  with 
which  they  are  associated  improves.  They  are  not  associated  with  the 
signs  of  enlargement  of  the  heart  or  with  accentuation  of  the  pulmonary 
second  sound. 

Functional  murmurs  are  significant  of  the  various  forms  of  anaernia. 
For  this  reason  they  are  spoken  of  as  '^hseniic  murmurs.'*  They  occur  in 
secondary  ansemias,  chlorosis,  pernicious  ansemia,  leuksemia  and  Hodgkin's 
disease.  A  distinct,  prolonged  systolic  murmur  in  the  pulmonary  area  is 
common  in  chlorosis,  and,  in  consequence  of  the  retraction  of  the  bor- 
ders  of  the  lungs,  is  frequently  associated  with  a  loud  pulmonary  second 
sound.  In  the  sladium  vUimum  of  pernicious  anaenua  the  hsemic 
murmurs  often  disappear. 

The  differential  diagnosis  between  organic  and  functional  endocardial 
murmurs  rests  upon  the  following  facts: 

Organic  murmurs  occur  at  any  period  in  the  revolution  of  the  heart ; 
functional  murmurs  are  practically  always  systolic.  It  becomes  nece8sary, 
therefore,  to  contrast  the  characters  of  organic  systolic  murmurs  with  those 
of  functional  murmurs. 

Svstolic  organic  murmurs  are  usually  well  propagated  in  the  čase  of 
mitral  insufficiency  toward  the  left  axilla  and  to  the  back;  in  aortic 
stenosis,  to  the  carotids  and  the  subclavians,  espe€ially  upon  the  right  side. 
They  are  often  soft  and  blowing,  not  rarely  coarse  and  loud,  sometimes 
musical.  The  point  of  maximum  intensity  corresponds  to  the  respective 
mitral  and  aortic  areas  as  above  described  (see  page  169),  and  only  in  excep- 
tional  cases  is  to  be  located  in  the  neighborhood  of  the  pulmonary  area. 
Organic  murmurs,  except  in  the  čase  of  relative  insufficiencv,  are  persist- 
ent,  diminishing  in  intensity  and  ultimatelv  disappearing  onlv  when  the 
compensation  fails  and  is  finally  ruptured.  They  are  sooner  or  later  asso- 
ciated with  the  signs  of  enlargement  of  the  heart  and  increase  of  the  blood- 
pressure  in  the  veins,  as  accentuation  of  the  pulmonie  second  sound,  visceral 
engorgement  and  anasarca.  The  anamnesis  commonlv  points  to  an  acute 
infection,  rheu matic  fever,  hard  work  and  worry  as  causal  factors. 

Functional  murmurs,  on  the  other  hand,  are  not  propagated  in  definite 
directions;  practicallv  ahvavs  soft  and  blo^-ing,  ver>'  exceptionally  loud  or 
coarse;  ne  ver  musical.  Their  point  of  maximum  intensitv  is  almoet  invari- 
ablv  in  the  pulmonie  area.  Thev  are  transient  and  not  associated  with 
the  signs  produced  by  the  efifects  of  valvular  lesions.  as  manifest  in  retard- 
ation  of  a  part  of  the  blood  stream:  accentuation  of  the  pulmonie  second 
sound.  enlargement  or  distention  of  the  walls  of  the  heart ;  visceral  derange- 
ments — venous  engorgement;  or  disonlers  of  the  peripheral  circulation 
— ilropsv.     Aniemia  is  almost  always  present. 

The  rare  diastolic  functional  murmur.  Si>  rare  as  to  be  unimportant 
in  diagiuv?is.  has  been  observeil  onlv  in  ansemia  of  ver>*  high  grade  and  in 
assooiation  with  a  venous  hum. 

B.  Exocardial  Ad^-entitlous  Sounds. —  Morbid  phvsical  signs  not  hav- 
ing  their  origin  within  the  heart  are  !rei|uontly  heard  upon  auseultation 
in  the  precortlial  region.  Ini^n^rtant  in  theni^lves.  thev  a€quire  addi- 
tional  diagnostic  importance  by  rea;9^>n  of  their  vKrtrasiimal  clooe  memUance 
to  endocardial  murmurs,    Of  thcM"  the  f\4lowing  are  the  more  impoitant. 
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(a)  Pericmrdiai  Frictlon.  —  The  friction  rub  of  dtjr  or  fibrinous  peri- 
carditis  is  heard  upon  auscultation  as  a  grazing,  creaking,  or  rasping  sound 
occupying  some  part  of  the  tirne  of  the  cardiac  revolution.  It  is  sometimes 
systolic,  sometimes  diastolic,  often  to-and-fro,  but  rarely  corresponds  to 
the  8ystole  or  diastole  as  endocardial  murmurs  do.  It  occurs  irregularly 
and  with  momentarv  interruptions,  commoiily  changes  in  character  and 
time  from  one  examination  to  another,  and  may  appear,  disappear,  and 
appear  again  in  the  course  of  a  few  hours.  Pericardial  friction  is  usually 
best  heard  in  the  area  of  superficial  cardiac  dulness,  but  may  be  heard  at 
any  part  of  the  precordial  region  and  sometimes  over  the  greater  part 
of  it.  In  some  instances  it  is  confined  to  the  base  of  the  heart.  It  is  alwavs, 
however,  distinctly  circumscribed  and  never  propagated  in  any  direction 
beyond  the  borders  of  the  heart.  It  conveys  the  impression  of  being  pro- 
duced  close  to  the  ear  and  is  intensified  by  the  pressure  of  the  stethoscope, 
which  also  increases  the  pain  which  is  present.  It  is  apt  also  to  be  increased 
when  the  patient  inclines  his  body  forward.  It  is  little  influenced  by  the 
respiratory  movements,  except  that  in  some  instances  its  area  is  slightly 
extended  in  expiration.  Pericardial  friction  is  frequently  associated  with 
endocardial  murmurs,  the  signs  occurring  as  the  manifestations  of  an 
endopericarditis  or  the  pericarditis  developing  in  an  individual  already 
the  subject  of  chronic  valvular  disease.  Under  these  circumstances  the 
friction  sound  is  usually  more  conspicuous  than  the  endocardial  murmur 
and  at  times  may  mask  it  altogether. 

The  diflferential  diagnosis  betvveen  an  endocardial  murmur  and  a 
pericardial  friction  rests  upon  a  critical  analysis  of  the  signs  in  the  light 
of  the  history  of  the  čase. 

(b)  Plcuroperkardlal  Friction. — Cases  occasionally  occur  in  which  fibri- 
noid  exudate  lipon  that  part  of  the  pleura  which  is  in  relation  with  the 
pericardium  gives  rise  to  a  friction  sound  having  the  cardiac  rhythm,  the 
roughened  pleural  surfaces  being  moved  in  apposition  to  each  other  by  the 
movement  of  the  heart.  The  differential  diagnosis  between  pericardial 
and  pleuropericardial  friction  rests  upon  the  following  facts: 

The  pleuropericardial  friction  is  commonly  heard  in  connection  with 
a  friction  sound  having  also  the  respiratory  rhythm — pleural  friction. 
It  is  apt  to  be  increased  by  forced  respiratory  movements  and  to  be  more 
distinct  upon  inspiration,  whereas  pericardial  friction  is  best  heard  at  the 
close  of  expiration.     A  positive  diagnosis  cannot  always  be  niade. 

(c)  Cardlopulmonary  Murmurs. — Murmurs,  hitherto  known  as  cardio- 
respiratory,  having  the  cardiac  rhythm,  are  occasionally .  produced  in 
the  borders  of  the  lung  in  relation  with  the  heart  by  the  traction  or 
pulsion  of  the  heart  upon  the  lung  tissue  in  svstole  or  diastole.  The  mur- 
murs are  pulmonary  but  not  respiratorv,  and  are  due  to  the  sudden  dis- 
placement  of  a  certain  volume  of  air  from  a  mass  of  lung  tissue  confined 
by  adhesions.  They  are  most  comm<)nly  heard  near  the  apex  of  the  heart 
and  over  the  projection  of  the  left  lung  \vhich  overlaps  it,  known  as  the 
lingula;  less  often  under  the  left  clavicle  or  about  the  angle  of  the  left 
scapula«  These  murmurs  are  mostly  systoHc — traction  murmurs;  very 
rarely  diastolic — pulsion  murmurs — and  are  heard  over  circumscribed 
areas.    They.  are  much  influenced  by  active  respiration  and  cough.    They 
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occur  during  inspiration  and  are  scarcely,  if  at  ali,  audible  during  expira- 
tion,  a  fact  which  is  of  importance  in  distinguishing  them  from  endocardial 
murmurs,  which  are  usually  better  heard  when  the  breath  is  held  in  expira- 
tion  and  a  larger  cardiac  surface  left  uncovered  by  the  retracted  lung. 
Cardiopulmonary  murmurs  have  the  soft,  breezy  quality  of  the  vesicular 
murmur  and  suggest  an  inspiratory  act  broken  by  successive  movements 
of  the  heart,  which  in  point  of  fact  they  are.  In  rare  instances  these  mur- 
murs are  accompanied  by  crepitant  or  subcrepitant  r&les.  Their  importance 
from  the  standpoint  of  the  diagnostician  consists  in  their  superficial  resem- 
blance  to  endocardial  murmurs,  from  which  they  may  be  differentiated 
without  difficulty. 

(d)  The  Precordial  Rales  of  Emphy8eiiia — In  rare  cases  of  emphy8ema. 
in  consequence  of  the  rupture  of  the  walls  of  vesicles,  air  finds  its  way 
along  the  interstitial  tissue  to  the  root  of  the  lung  and  thence  to  the 
connective  tissue  of  the  anterior  mediastinum.  The  superficial  cardiac 
dulness,  if  not  previously  obliterated  by  the  borders  of  the  emphysematous 
lung,  disappears  with  weakening  of  the  heart  sounds  and  the  occurrence  of 
high-pitched  metallic  or  crepitant  r^les  which  have  the  rhythm  of  the 
heart.  These  signs  are  to  be  differentiated  by  their  acoustic  properties 
from  the  tricuspid  regurgitant  murmurs,  due  to  the  dilatation  of  the  right 
ventricle,  so  frequently  heard  in  emphysema.  They  are  also  to  be  differ- 
entiated from  the  r&les  having  the  cardiac  rhythm,  which  are  heard  in  rare 
cases  of  infiltration  of  the  lungs  or  cavity  formation  in  the  neighborhood  of 
the  heart,  by  the  persistence  in  the  latter  of  superficial  cardiac  dulness  and 
the  heart  sounds,  the  character  of  the  associated  respiratory  sounds,  and  by 
the  fact  of  their  occurrence  in  pulmonary  emphysema. 

(e)  Pcricardlal  Splashing. — In  pneumohydro-  or  pneumopyo-pericar- 
dium  there  may  be  heard  peculiar  splashing  sounds  of  metallic  charact«r 
similar  to  the  succussion  sounds  of  pneumohydrothorax,  but  having  the 
cardiac  rhvthm.  The  heart  sounds  under  these  circumstances  are  U8ually 
feeble  and  distant.  The  cardiac  dulness  is  in  the  recumbent  posture 
replaced  by  an  area  of  tympany,  the  borders  of  which  shift  with  changes  in 
the  posture  of  the  patient.  These  splashing  sounds  can  under  no  circum- 
stances be  mistaken  for  murmurs,  but  they  may  closely  resemble  the  splash- 
ing of  the  gastric  contents  sometimes  produced  by  the  movements  of  the 
heart,  or  that  of  pneumothorax  or  of  a  large  vomica,  from  which  thev  mav. 
however,  be  distinguished  by  the  gravity  of  the  8ymptoms,  the  concomi- 
tant  signs  of  pericardial  perforation  or  inflammation,  the  examination  of 
the  patient  when  the  stomach  is  empty,  or  a  systematic  routine  examina- 
tion  of  the  lungs. 

(f)  The  Murmurs  of  Aneurisms. — Aneurism  of  the  thoracic  aorta  more 
commonlv  involves  the  ascending  portlon  of  the  arch.  On  auscultation 
at  the  base  of  the  heart  or  sometimes  in  a  wide  area  there  may  be  heard  a 
systolic  murmur,  transmitted  like  the  murmur  of  aortic  stenosis  in  the 
direction  of  the  aorta  itself  and  the  vessels  of  the  neck.  A  diastolic  mur- 
mur is  sometimes  also  present.  The  latter  is  due  to  the  reflux  of  blood  into 
the  sac,  and  may  easily  be  mistaken  for  the  murmur  of  aortic  insuflSciencj 
with  which  it  is  not  infrequently  associated,  as  the  manifeetation  of  rdative 
incompetence  in  consequence  of  the  dilatation  of  the  aorta  or  of  valvular 
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deformities  resuliing  from  sclerotic  changes.  The  differential  diagnosis 
rests  upon  the  presence  or  absence  of  the  signs  of  aneurism,  as  deter- 
mined  by  systematic  inspection,  palpation,  percussion^  and  the  anamnesis. 

SOUNDS  HEARD  OVER  THE  PERIPHERAL  VESSELS. 

Auscultation  of  the  Arteries.  Normal  Conditions. — When  the  steth- 
oscope  is  lightly  placed  over  the  larger  arteries  where  they  run  8uperficially, 
sounds  may  be  heard  which  correspond  to  the  sounds  of  the  heart.  These 
sounds  are  produced  (a)  in  the  heart  and  (b)  in  the  arteries  themselves. 

The  carotid  may  be  studied  at  the  angle  of  the  jaw  or  at  the  inner 
border  of  the  sternocleidomastoid  muscle;  the  subclavian  directly  above 
the  clavicle  and  external  to  the  sternocleido  muscle  or  direetly  below  it, 
in  the  arm  between  the  pectoralis  major  and  the  deltoid;  the  brachial 
at  the  inner  border  of  the  biceps  or  at  the  bend  of  the  elbow,  the  arm  being 
8lightly  flexed ;  theradial  just  above  the  wrist,  and  the  femoral  immediately 
below  Pouparfs  ligament. 

(a)  The  normal  heart  sounds  are  transmitted  to  some  distance  along 
the  course  of  the  main  arteries  at  the  root  of  the  neck  and  may  be  heard 
in  adults  over  the  carotids  and  subclavians,  more  distinctly  upon  the  right 
than  upon  the  left  side.  In  infancy  and  childhood  only  the  second  sound 
is  thus  transmitted,  the  first  being  very  indistinct  or  wholly  inaudible. 

(b)  A  systolic  sound,  due  to  the  sudden  tension  of  the  arterial  walls, 
may  in  some  cases  be  heard  over  the  abdominal  aorta  and  the  femorals. 
In  the  majority  of  cases  no  sound  is  heard  over  these  vessels  nor  over  the 
smaller  superficial  arteries  so  long  as  the  stethoscope  is  applied  without 
pressure.  When,  however,  some  degree  of  pressure  is  exerted  upon  the 
wall  of  the  artery  by  the  rim  of  the  stethoscope,  a  systolic  murmur  is  pro- 
duced, often  intense  and  high-pitched,  the  so-called  compression  murmur, 
This  murmur  is  due  to  sudden  narrowing  of  the  lumen  of  the  vessel  at  the 
point  of  pressure  with  the  production  of  fluid  veins.  If  the  pressure  is 
increased  to  such  a  degree  as  to  obliterate  the  lumen  of  the  artery  a  sys- 
tolic  sound  is  produced  by  the  increased  force  of  the  tension  of  the  arterial 
wall — pressure  sound.  These  phenomena  are  physiological  and  without 
other  clinical  significance  than  that  which  attends  the  risk  of  attaching 
erroneous  importance  to  them. 

(c)  IfUracranial  Murmurs, — In  children  up  to  the  sixth  year  there 
10  sometimes  to  be  heard  upon  auscultation  over  the  cranium,  and  especially 
over  the  anterior  fontanelle  and  in  the  parietal  regions,  a  distinct  systolic 
murmur,  which  apparently  originates  in  the  internal  carotids  from  some 
unknown  cause  and  is  without  diagnostic  significance. 

(d)  The  Uterine  Souffle. — A  soft  blowing  systolic  murmur  is  heard 
over  the  pregnant  uterus.  It  is  first  heard  about  the  end  of  the  sixteenth 
WMk  and  increases  in  frequency  until  the  eighth  month,  after  which  it 
lemains  stationary.  This  murmur  is  subject  to  great  variation  as  regards 
quality,  inten8ity,  rhythm,  and  point  of  maximum  intensity.  It  is  usually 
mo0t  distinct  low  down  and  upon  one  or  the  other  side  of  the  uterus,  some- 
times at  the  fundus,  but  very  rarely  over  the  entire  uterine  body.  It  is 
attriboted  to  the  circulation  of  the  blood  in  the  arteries  of  the  uterine 
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wall.  The  diagnoštic  importance  of  this  sign  is  impaired  by  the  fact  that 
a  similar  murmur  is  occasionalIy  heard  in  chronic  metritis,  uterine  myomata, 
and  ovarian  cysts. 

Single  or  double  murmiirs  corresponding  in  tirne  to  the  fetal  heart- 
beats  are  sometimes  recognized  in  auscultation  in  pregnancy.  They  have 
in  some  instances  been  found  to  be  associated  with  defects  of  development 
or  endocardial  lesions  of  the  fetal  heart — cardiac  souffle.  In  other  cases 
murmurs  have  originated  in  the  umbilical  cord — funic  murmura. 

Auscultation  of  the  Arteries.  Patholosrical  Conditions. — (a)  It  is 
obvious  that  abnormal  sounds — murmurs — heard  in  the  aorta  will  be 
transmitted  into  the  carotids  and  subclavians.  The  systolic  and  less 
int€nsely  the  diastolic  murmurs  of  lesions  of  the  aortic  valve  system 
are  transmitted  along  the  course  of  these  vessels. 

(b)  In  any  condition  in  which  the  pulse  is  quick — pulaus  celer — the 
arteries  may  yield  upon  auscultation  a  systolic  sound.  This  sign  is  some- 
times present  in  fever  and  is  eommon  in  aortic  insufEciency,  and  may  be 
heard  over  the  radials  as  well  as  over  arteries  of  larger  calibre.  In  aortic 
insufiiciency  of  high  grade  a  double  sound  is  sometimes  heard  over  the 
femorals,  the  systolic  dilatation  and  the  diastolic  contraction  of  the  artery 
being  alike  attended  with  an  audible  sound.  Systolic  and  diastolic  sounds 
in  the  femoral  artery  have  also  been  observed  in  pregnancy  and  in  chronic 
lead  poisoning. 

(c)  Double  Murmurs  in  the  Arteries.  Duroziez'8  Murmurs. — In  well- 
marked  cases  of  expansile  pulse  in  which  the  blood  wave  rises  rapidly 
and  rapidly  recedes  there  may  frequently  be  detected  over  the  femoral 
or  brachial  artery  at  a  certain  point  in  the  gradually  increased  pressure  of 
the  stethoscope  a  double — namely,  systolic  and  diastolic — murmur.  Some 
čare  is  necessary  to  exert  the  degree  of  pressure  under  which  this  sign  is 
best  heard.  It  may  be  observed  in  aortic  insufficiency,  chlorosis,  and 
other  conditions  in  which  there  is  well-marked  pulsus  celer. 

(d)  Subclavian  Murmurs. — Systolic  murmurs  occurring  independently 
of  pressure  by  the  stethoscope  are  eommon.  Heard  upon  one  side  only 
when  the  attitude  of  the  patient  is  unconstrained  and  the  arms  hanging 
at  the  sides,  such  a  murmur  is  very  suggestive  of  apex  disease  of  the  lung 
with  pleural  adhesions  implicating  the  artery  in  its  course.  They  are 
commonly  louder  upon  inspiration,  exceptionally  upon  expiration.  Such 
murmurs  are  occasionally  to  be  heard  upon  one  or  both  sides  in  normal 
individuals,  and  there  are  those  who  are  able  to  produce  them  at  will 
by  assuming  certain  attitudes,  with  fixation  of  the  arms  and  the  muscles 
of  the  upper  part  of  the  chest. 

(e)  Thijroid  Murmurs. — 8ystolic  murmurs  are  very  eommon  over  the 
enlarged  and  tortuous  arteries  in  goitre  and  especially  in  Graves^s  disease. 

(f)  Murmurs  in  Local  Arteriosclerosis  in  Superficial  Arteries. — Sy8- 
tolic  murmurs  due  to  this  cause  are  oceasionally  observed.  They  are 
audible  in  some  cases  without  pressure  by  the  stethoscope;  in  others  upon 
a  minimum  pressure.    They  are  most  eommon  in  the  carotids. 

Auscultation  of  the  Veins.  Normal  Conditions. — In  healthy  individ- 
uals the  blood  flows  in  the  veins  without  sound  or  murmur.  In  rare  instances 
the  occurrence  of  a  venous  hum  constitutes  an  exception  to  thb  rule. 


PHVSICAL  DIAGNOSIS  :    AUSCULTATION.  201 

Auscultation  of  the  Veins.  Patholosical  Conditions. — (a)  The  venous 
pulse  in  tricuspid  insufficiency  may  by  sudden  tension  of  the  valves  and 
walls  of  the  jugular,  and  in  particular  the  valves  of  the  bulb,  give  rise  to 
a  8ystolic  sound  which  is  scarcely  to  be  distinguished  from  the  almost 
synchronous  8ystolic  carotid  sound,  except  by  the  fact  that  it  slightly 
precedes  it. 

(b)  Venous  Hum — Nun'8  Murmur. — This  is  the  single  venous  murmur 
of  practical  diagnostic  importance.  Since  the  return  flow  of  the  venous 
blood  is  to  ali  intents  uninterrupted,  venous  murmurs  are  continuous. 

The  patient  should  assume  the  upright  posture  with  the  head  straight. 
The  stethoscope  should  be  placed  over  the  space  between  the  sternal  and 
clavicular  portions  of  the  sternocleidomastoid  muscle  without  pressure. 
The  murmur  in  question  when  present  is  heard  as  a  peculiar,  sometimes 
blowing,  sometimes  coarse  and  humming  or  again  musical  continuous 
sound,  Tvith  rhythmical  systolic,  diastolic,  and  inspiratory  intensificatioa«:. 
It  is  best  heard  upon  the  right  side  and  diminishes  in  loudness  or  entirely 
disappears  when  the  patient  assumes  the  recumbent  posture.  Rotation 
of  the  face  toward  the  opposite  side  increases  the  intensity  of  the  sound. 
Pressure  with  the  stethoscope  at  first  increases  then  enfeebles  the  murmur 
until  it  wholly  ceases  and  the  systolic  sound  of  the  carotid  is  heard.  In 
some  cases  a  feeble  murmur  loses  its  continuous  character  and  is  perceived 
onIy  at  the  moment  of  systole,  diastole,  or  during  inspiration.  Under 
these  circumstances  the  murmur  becomes  continuous  upon  light  pressure 
with  the  stethoscope  or  if  the  head  is  rotated  toward  the  opposite  side — 
manceuvres  which  enable  the  diagnostician  to  distinguish  the  murmur 
from  arterial  and  inspiratory  murmurs.  In  other  cases  the  diastolic  por- 
tion  of  the  murmur  may  be  transmitted  to  the  base  of  the  heart  and  heard 
there  as  a  diastolic  murmur  apparently  of  endocardial  origin.  The  differ- 
ential  diagnosis  may  be  attended  with  difficultv  unless  auscultation  is 
practised  from  point  to  point  from  the  heart  along  the  course  of  the  jugular, 
when  it  will  become  clearly  apparent  that  the  diastolic  murmur  heard  over 
the  base  of  the  heart  is  in  point  of  fact  the  transmitted  venous  hum.  The 
venous  hum  occurs  in  ana?mic  and  chlorotic  persons  and  occasionallv  in 
healthy  individuals  with  normal  blood.  In  the  last  it  has  l)een  assumed 
that  the  phenomenon  is  due  to  some  anatomical  peculiarity,as,  for  instance, 
sudden  and  unusual  widening  of  the  jugular  at  the  bulb. 

In  general  terms  the  causes  of  the  venous  hum  are  the  more  rapid 
flow  of  the  blood  current  by  reason  of  its  lo\vered  specific  gravity  and  defi- 
cient  ha^moglobin,  and  the  sudden  widening  of  the  jugular  at  the  bulb. 
The  fact  that  this  murmur  is  louder  in  the  erect  posture  is  rightly  ascribed 
to  the  influence  of  gravity  in  hastening  the  flow;  the  increased  intensitv 
upon  inspiration  to  the  aspiration  exerted  by  the  chest  movement  at  that 
time,  and  the  greater  loudness  upon  the  right  side  to  the  more  direct  and 
unrestrained  flovv  of  the  blood  arising  from  differences  in  the  anatomical 
arrangement  of  the  veins  of  the  two  sides. 
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III. 
THE  EXAMINATION  OP  THE  STOMACH  AND  INTESTINES.^ 

General  Considerations. — Diseases  of  these  organs  are  (a)  primary  or 
organic  and  (b)  secondary  or  symptomatic,  and  in  each  of  these  groups 
there  are  cases  in  which  recognizable  anatomical  lesions  are  present  and 
cases  in  which  there  is  merely  derangement  of  function.  Thus,  careinoma 
and  ulcers  are  examples  of  organic  disease  with  characteristic  lesions,  and 
hyperchlorhydria  and  pylorio  spasm  are  funetional  affeetions;  while  loss 
of  appetite,  eructations,  and  vomiting  occur  as  symptoms  of  phthisis, 
often  without  actual  lesions  of  the  stomach,  and  erosion  and  ulcer  are 
not  infrequent  in  chlorosis.  It  is  of  eardinal  importance  that  the  differ- 
ential  diagnosis  between  organic  and  funetional  disease  of  the  stomach 
and  intestines  should  in  ali  cases  be  made,  particularly  as  the  former 
only  require  direet  local  treatment  and  the  latter  are  frequently  made 
worse  by  sueh  treatment. 

The  Anamnesis. — It  is  very  common  for  patients  to  attribute  to 
**  stomach  trouble"  or  **bowel  trouble'*  symptoms  due  to  diseases  of  other 
organs  or  to  constitutional  disease.  A  careful  and  systematic  anamnesis 
is  therefore  necessary  in  aH  cases. 

Status  Praesens. — The  actual  condition  is  ascertained  by,  (a)  physieal 
examination,  with  special  modiiications,  as  inflation,  transillumination, 
the  Hontgen  rays;  (b)  chemical,  and  (c)  microscopic  examination  of  the 
gastric  contents  and  alvine  discharges. 

EXAiVlINATION  OF  THE  STOMACH. 

(a)  Physical  Exainiiiation. — Inspection.— ^The  neck,  thorax  and 
whole  abdomen  should  be  exposed,  and  the  patient  studied  in  the  erect  as 
well  as  in  the  recimibent  posture.  In  the  neck  may  sometimes  be  seen  the 
enlarged  left  supra^clavicular  lymph-node  in  cases  of  careinoma  of  the  sub- 
diaphragmatic  viscera.  The  general  conf ormation  of  the  thorax  and  abdomen, 
the  type  of  epigastric  angle  and  the  number  of  floating  ribs  are  studied, 
and  in  some  cases  the  flaring  of  the  left  costal  arch  f rom  the  pressure  of  a 
distended  high-placed  stomach.  When  the  abdominal  wall  is  thin  and 
relaxed  the  outline  of  the  distended  stomach,  the  slow,  large  movements  of 
gastric  peristalsis  from  left  to  right,  far  more  rarely  reverse  peristalsis,  the 
presence  of  tumor  masses  in  the  gastric  wall  or  at  the  pyloru8,  or  of  metastatic 
growths  about  the  umbilicus,  in  the  liver,  or  elsewhere,  may  be  observed. 
The  normal  pylorus  is  never  visible. 

Palpation. — This  method  is  useful  in  determining  localized  or  general 
tenderness,  rigidity,  the  presence  of  a  tumor,  enlargements  and  displaeements 
of  the  stomach,  and  ''splashing."  The  stomach  should  be  palpated  ^3^em- 
aticallv  with  both  hands  and  for  several  minutes.  By  this  means  peristalsis 
may  be  aroused  and  a  tumor  which  is  not  otherwise  recognizable  bronght 
within  reaeh.    Under  normal  conditions  the  pyloru8  is  not  palpaUe,  being 

1  Orifinally  coDtributed  by  Dr.  Qwyn. 
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aeparated  from  the  anterior  abdtnninal  wall  by  the  overkpping  liver,  whea 
the  stomach  is  einpty.  ^hen  it  la  prolapsed  or  the  liver  is  small  or  in 
emaciated  persons,  the  pflorus  may  be  felt  as  an  elongated,  thickened  mass 
the  size  ot  the  thumb,  extendiiig  obliquely  to  the  right  and  upward  some- 
what  above  the  level  of  the  umbilicus  beneath  the  right  rectus  muscle.  It 
maj  be  recognized  by  frequent  rapid  ehanges  in  its  consistence  and  the 
palpable  and  aometimes  audible  forcible  passa^  of  the  stomach  contents 
throi^h  it  from  left  to  rig'ht.  Succussion  or  "sptashing"  may  be  rect^nized 
both  by  the  palpatin^  hand  and  by  the  ear.  It  occurs  in  motor  in8ufficieiicy 
and  is  of  diagnoatic  value  when  elicited  after  a  fasting  period  of  several 
honrs.  The  patient  should  be  in  the  dorsal  posture  with  the  heod  and 
doolders  8ligbtly  elevated,  and  at  the  moment  the  examination  is  made 
the  stomach  should  be  depressed  by  deep-held  inspiration.  The  esaminer 
ererts  pressure  upon  the  epigastrium  at  the  level  of  the  xyphoid  appendix 
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and  witb  the  finger-tips  of  the  other  hand  makes  quick  pressing  movements 
inimediately  followed  by  relaxation. 

PracussiON. — This  method  is  of  IJttle  value  by  itself.  The  stomach 
and  adjacent  coils  of  intestines  yield  tympanitic  resonance  or,  when  they 
contain  fluid  or  solid  matter,  dulness,  and  their  boundary  lines  cannot  be 
deflned  by  ordinary  percuasion.  Auscultatory  percussion,  especially  when 
the  ttomach  is  inflated,  is  of  use.  The  percussion  should  be  performed  in 
linea  radiating  from  a.  centre  over  the  stomach  and  the  points  of  chani^  in 
the  auBCultatorv  phenomena  marked  upon  eacb  line  in  tum.  Tliose  points 
tre  then  connected.  Control  obscrvations  may  be  made  by  changing  the 
centre  and  repeating  the  observation. 

AuscuLTATiON  has  only  a  limited  application  in  the  examinatioD  of  the 
Btonach.  It  is  employed  in  the  8tudy  of  deglutition  phenomena,  "splash- 
ii^,"  the  Spritzgerauick  of  pyloric  stenosis  and  honr-glaas  contraction 
of  the  stnnBch.  In  the  last.  if  the  narrowing  Iie  of  high  degree,  there 
mar  be  an  šadible  sound  produced  by  the  passage  of  water  from  the  cardiac 
to  the  pjrlorie  IocdIob,  eHpeciaUy  if  pressure  be  used. 
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The  SwaliL0WIN6  Test. — This  test  is  used  to  determine  the  pateney 
of  the  cardiae  orifice  and  is  perf ormed  in  the  f ollowing  manner :  The  ear 
or  the  beli  of  a  stethoseope  is  placed  at  the  left  of  the  tip  of  the  ensiform 
cartilage  or,  better,  at  the  left  of  the  seventh  thoracic  vertebra  of  the 
patient,  standing,  who  is  directed  to  take  a  mouthful  of  water  and  swallow. 
There  is  at  onee  heard  the  rumble  of  the  contraeting  cesophageal  and 
cervical  museles  brought  into  play  and  in  about  seven  seconds  the  triekling 
of  the  fluid  entering  the  stomach  through  the  cardiae  orifice.  Delay  or 
absence  of  the  latter  sound  suggests  more  or  less  complete  stenosis  in  the 
course  of  the  oesophagus  or  at  the  cardia. 

Inplation. — The  stomach  may  be  distended  by  means  of  a  stomach- 
tube  and  an  ordinary  rubber  bulb  syringe  or  by  carbon  dioxide  evolved 
within  the  organ  itself .  To  this  end  3  to  5  grammes  of  tartaric  acid  dis- 
solved  in  half  a  glass  of  water  are  swallowed  and  this  is  followed  by  an 
equal  amount  of  sodium  bicarbonate  dissolved  in  the  same  quantity  of 
water.  The  stomach  first  distends  at  its  least  resisting  part  and  in  the 
čase  of  moderate  enlargement  and  thin  abdominal  walls  its  greater  curva- 
ture  and  inferior  border  may  be  made  out  by  inspection  or  au8Cultatory 
percussion.  The  gas  may  b^  expelled  as  it  is  formed  either  at  the  cardia 
or  at  the  pylorus^  and  in  large  stomachs  the  introduction  of  a  sufficient 
quantity  of  air  may  cause  much  discomfort  or  even  pain,  or  the  gas  evolved 
may  be  insufficient  The  chief  value  of  this  method  lies  in  the  determina- 
tion  of  the  size,  outline,  and  position  of  the  stomach.  It  is  of  importance 
in  the  differentiation  between  tumors  of  the  anterior  waU  and  those  sit- 
uated  in  the  posterior  wall  or  behind  the  stomach.  It  is  evident  that 
upon  inflation  the  former  will  become  more  prominent,  the  latter  lesš 
obvious.  Inflation  is  of  some  value  also  in  bringing  into  prominence 
obscure  tumors  of  the  pylorus. 

Position  op  PLums  Ingested  under  Observatiok. — The  position  of 
the  lower  border  of  the  stomach  is  ascertained  as  clo8ely  as  possible,  the 
patient  standing.  He  is  then  directed  to  swallow  a  glass  of  water  and 
the  resulting  dulness  is  determined  by  percussion.  This  mancBuvre  being 
repeated  two  or  three  times  at  short  intervals,  changes  in  the  level  of  the 
dulness  may  occur,  which  are  indicative  of  the  position  of  the  lower  border 
of  the  stomach.  In  normal  stomachs  of  good  musculature  the  increased 
amount  of  fluid  enlarges  the  area  of  dulness  in  an  upward  direction ;  in 
relaxed  and  dilated  sti)machs  the  dulness  sinks  with  the  increasing  weiprht. 
The  method  is  of  no  great  value  except  in  dilated  stomachs  and  gastroptosis 
in  individuals  with  thinned  abdominal  walls. 

Transillumination. — The  gastrodiaphane  of  Einhorn  consists  of  a 
flexible  tube  carryinfr  at  its  top  a  small  electric  lifrht.  The  Kemp  instrument 
bas  the  advantage  in  that  its  position  can  be  oontrolled  from  the  mouth. 
The  patient  drinks  two  or  more  glasses  of  water:  the  tube  is  introduced 
and  tlie  circuit  completed.  The  light  shows  through  the  abdominal  wall 
in  the  normal  stomach  as  a  triangular  area  havinpr  its  apex  and  focns  of 
intensity  somewhat  to  the  left  of  the  median  line  and  above  the  umbilicus ; 
in  gastroptosis  or  dilatation  the  point  of  illumination  is  lower  and  the 
light  more  diflPr.sed.  Changes  f ollow  movements  of  the  bulb.  This  procedure 
shows  the  lowe8t  limit  of  the  stomach  at  one  point.    There  is  no  certainty 
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that  the  lamp  does  not  push  the  greater  corvature  into  positions  it  would 
not  otherwi8e  occnpj,  or  that  the  position  of  the  illuminated  area  affords 
positive  data  in  regard  to  the  size  and  shape  of  the  organ. 

DiBECT  Oastrosgopt. — Direct  inspection  of  the  mucous  membrane  of 
the  atomach  through  a  rigid  metal  tube  requires  the  patient  recumbent, 
with  hia  head  extended  in  such  a  manner  that  the  trachea  and  oesophagus 
approach  nearly  a  direct  course.  (General  anaesthesia  is  reeommended  for 
the  best  resolta  The  tube  used  is  fitted  with  a  small  electric  light,  mirror, 
and  obturators,  and  in  general  resembles  those  employed  in  the  diagnosis 
of  rectal  and  sigmoid  disorders,  being,  however,  longer  and  slightly  thinner. 
Manj  conditions  of  the  stomach  are  readily  recognized  by  direct  inspection. 
Great  čare  is  nece88ary  to  ensure  inspection  of  the  whole  interior,  particu- 
larly  if  the  stomach  is  eniarged.  The  cardia  is  first  inspected.  Inflation 
aids  in  bringing  other  parts  into  view.  By  some  manipulation  of  the  upper 
end  of  the  gastroscope  and  simultaneous  palpation  and  manipulation  on  the 
part  of  an  assistant  the  whoIe  stomach  can  be  gone  over  and  outlined.  The 
readiness  with  which  the  end  of  the  tube  can  be  felt  through  the  abdominal 
wall  is  of  some  service.  The  use  of  the  oesophagoscope  and  gastroscope 
demands  great  technical  skill  and  is  not  without  danger. 

'  The  Rontoek  Rays. — This  method  of  examination  has  practically 
taken  the  lead  among  other  devices  for  determining  the  form,  size  and 
position  of  the  stomach.  Rontgenoscopy  and  rontgenography  are  employed. 
Serial  rontgenography  yields  the  most  satisfactory  results  in  the  examination 
of  the  gastro-intestinal  tract.  Plates  sufficiently  large  to  include  the  dome  of 
the  diaphragm  above  and  the  rectum  below  should  be  used.  The  efficient  em- 
ployment  of  this  mode  of  examination  requires  not  only  elaborate  and  expen- 
sive  apparatus  but  also  great  technical  skill  and  should  only  be  entrusted  to 
those  who  devote  their  wholetime  to  it  as  a  specialty.  The  practitioner  who 
attempts  to  do  general  work  of  this  kind  invites  failure  bolh  in  making  the 
rontgenograms  and  in  appreciating  their  significance.  The  patient  should 
take  castor  oil  the  night  preceding  the  exposures  and  no  food  having  been 
eaten,  he  should  swallow  350  to  400  grams  of  buttermilk  with  which  a  suspen- 
sion  of  100  grams  of  chemically  pure  barium  sulphate  has  been  stirred.  The 
exposure8  follow  immediately  and  after  1,  2,  5,  12,  18,  24,  and  48  hours. 
The  plates  8how  the  form,  size  and  position  of  the  stomach,  the  time  required 
by  the  organ  to  empty  itself  and  for  the  passage  through  the  intestines,  also 
the  exact  form-relations  in  various  lesions,  as  ulcer,  carcinoma,  cieatrices, 
and  fio  f  orth. 

The  fluoroscopic  screen  is  very  usefiil,  in  that  the  movements  of  the 
stomach  can  be  watched  and  recorded. 

The  Stomach-Tube. — Various  styles  are  in  use.  Th(n'  are  made  of  soft 
red  rubber  with  a  lumen  of  about  .50  to  .75  cm.,  wall8  not  too  thick,  and 
about  70  to  90  cm.  in  lenjrth :  near  the  prastric  end  one  or  two  lar^e  lateral 
openings.  Whether  there  should  be  an  openinpr  at  the  end  is  a  matter  of 
opinion.  The  upper  end  is  fitted  tx)  a  prlass  funnel  of  a  oapacitv  of  500  c.c. 
At  the  middle  there  may  be  a  bulh  whioh  serves  for  inflation  or  suction  end 
permitR  free  siphonage.  As  th(»  di.stanoe  from  the  incisor  toeth  to  the  cardia 
it  on  the  average  40  cm.,  or  slightly  less  than  16  inches,  there  should  be  an 
mark  at  this  point    It  is  important  to  note  that  manv  of  the  tiil)es 
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supplied  at  the  shops  are  marked  at  a  point  51-60  cm.  from  the  tip,  about 
the  distance  to  the  lowest  point  of  the  greater  curvature.  Por  infants  a 
soft  catheter  may  be  used. 

Iniroducing  the  Tube, — The  sitting  position  is  easiest.  It  is  best  not  to 
elevate  the  ehin,  since  stretehing  the  neck  seems  to  occlude  the  upper 
(Bsophagus.  Plates  and  false  teeth  should  be  removed.  Soaking  the  last 
several  inehes  of  the  tube  in  hot  water  makes  the  first  contact  of  the  tube 
with  the  phaiynx  less  irritating.  Holding  the  tube  in  the  hand,  as  one  would 
a  pen,  with  five  or  sixi  inehes  projecting,  the  examiner  instructs  the  patient 
to  open  his  mouth  moderately  wide,  with  the  tongue  touehing  and  against 
the  teeth.  The  tube  is  then  passed  straight  back  to  the  middle  of  the  posterior 
pharyngeal  wall  and  direeted  downward.  If  the  patient  can  swallow  at  this 
moment  the  tube  is  usually  engaged  at  onee  in  the  upper  oesophagus  and  can 
be  rapidly  pushed  in,  reaehing  the  stomach  in  several  seeonds,  and  is  seeurely 
in  plaee  before  the  first  expulsive  eoughing  efforts  begin.    By  ordering  the 
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patient  to  breathe  deeply  several  times  one  usaally  saceeeds  in  quieting  most 
of  the  discomfort  and  ean  proceed  with  the  examination.  To  avoid  the  doub- 
ling  up  of  the  tube  or  the  unpleasantness  of  the  eoughing  or  vomiting  whieh 
of ten  ensues,  many  pref er  to  introduee  the  forefinger  of  one  hand  along  the 
side  of  the  mouth  as  a  guide  and  to  pass  the  tube  along  this  gaiding  finger. 
Manv  attempts  are  often  necessarv  to  overeome  the  spasmodie  expulsive 
efforts  of  the  pharynx.  At  times  the  distress  is  such  that  it  is  necessarv  to 
forego  the  attempt.  Cocainiration  of  the  phar>Tix  has  been  recommended ; 
it  does  not,  however,  seem  to  have  been  ver>-  suceessful  in  difficnlt  cases. 

The  contents  of  the  stomach  mav  be  obtained  by  voluntiiry  contractions 
of  the  abdominal  wall,  by  the  vomiting  produeed  by  slight  mov^nents  of  the 
tube  or  by  aspiration.  If  aspiration  is  requinHi,  compression  is  made  npon  the 
bulb  and  the  distal  tube  closed  by  grasping  it  between  thumb  and  uidex  finger 
of  the  other  hand.  The  pressure  on  the  bulb  is  removed  and  the  contents 
are  aspirated  into  the  bulb,  release  the  distal  compression  and  anow  the 
material  to  tlow  into  a  basin.  Repeat  the  procedure  as  often  as  regaired. 
The  stomach  contents  are  usuallv  removed  one  hour  afier  the  test  meal 
when  using  this  style  of  tabe. 


THE  STOMACH  AND  INTESTINES.  207 

The  great  value  of  the  stomach-tube  in  gastric  diagnosis  lies  in  the 
ease  with  which  the  stomach  may  be  inflated  and  its  contents  removed. 
Much  tirne  will  be  saved  by  having  the  patienj  take  one  or  other  of  the 
Tarious  test-meals  whenever  the  tube  is  to  be  passed.  Af  ter  removal  of  the 
meal  the  patienfs  elothes  are  loosened  and  he  is  direeted  to  lie  down  with 
the  tube  stili  in  position.  Infiation  can  now  be  perf ormed  and  in  conjunetion 
with  some  of  the  various  methods  already  mentioned  will  be  found  to  be 
a  veiy  8atiafaetory  way  of  estimating  the  size  and  position  of  the  stomach. 

The  stomach  is  inflated  until  the  patient  indicates  the  beginning  of 
diseomfort.  The  examiner  then  clamps  the  tube  or  can  ask  the  patient  to 
hold  it  firmly  in  his  teeth,  thus  giving  the  examiner  the  f ree  use  of  both 
hands.  During  the  inflation  the  examiner  should  carefully  watch  for  the 
area  where  the  stomach  iirst  manifests  its  presence.  In  a  normal  stomach 
this  will  be  juat  below  the  lef t  costal  margin  and  in  the  epigastrium  between 
the  ensiform  and  navel.  The  stomach  will  stretch  easily  and  its  grcflter 
curvature  can  be  followed  to  the  umbilicus  before  overdistention  is  com- 
plained  of .  The  lesser  curvature 
must  be  outlined  as  well,  either 
by  inspection,  percussion,  or 
auscultatory  percussion,  and 
marked  in  pencil.  Its  position 
should  be  under  the  costal  arch 
as  high  as  the  sixth  and  seventh 
ribji,  and  just  below  the  ensiform 
cartilage  in  the  midline.  The 
fundns  may  distend  high  up 
toward  the  axilla.  A  distinct 
stomaeh-shaped  outline  can  usu- 
ally  be  obtained.  It  is  only  by 
outlining  both  lesser  and  greater 
cunratnres  that  the  difference  between  displaced  and  dilated  stomachs  is 
determined. 

The  great  advantage  of  the  use  of  the  stomach-tube  in  infiating  is  that 
the  process  can  be  repeated  as  often  as  may  be  desired  without  undue  dis- 
eomfort or  delay,  aince  after  the  iirst  few  minutes  the  patient  experienees 
little  or  no  uneasiness. 

In  addition  to  the  estimation  of  the  size,  shape,  and  position  of  the 
stomach,  the  stomach-tube  is  used  to  determine  conditions  of  hypersecretion 
and  retention.  To  test  for  hypersecretion  the  stomach-tube  is  passed  in  the 
moming  before  any  fluid  or  food  bas  been  ingested,  or  the  stomach  mav  be 
Mranhed  out  and  the  tube  again  passed  after  several  hours*  fasting.  The 
recovery  of  more  than  10  to  20  c.c.  suggests  disturbance  of  the  gastric  func- 
tions.  In  testing  for  retention  the  examiner  washes  the  stomach  clean,  admin- 
igters  certain  solid  articles  of  diet,  and  passes  the  tube  to  obtain  sam  ples  of 
the  stomach  contents,  seven  or  eight  hours  later,  or,  aecording  as  marked 
conditions  are  suspected,  twelve,  twenty-four,  or  even  fortv-eight  hours 
after  the  taking  of  the  meal. 

Contraindications  for  ihe  Use  of  the  Stomach-tube. — Thase  who  for 
Kpeated  diagnostic  or  therapeutic  purposes  have  become  accustomed  to  the 
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tube  take  it  without  difBeulty  and  many  learn  to  introduce  it  themselves. 
Its  first  introduction  is  often  attended  with  great  gagging,  straining,  and 
congestion,  and  is  not  \^olly  without  danger  in  elderly  persons  with 
arteriosclerosis,  inyoearditis,  and  emphysema  of  high  degree.  It  is  also 
hazardous  and  unjustifiable  in  hemorrhagic  cases,  espeeially  h«moptysis, 
hsematemesis,  or  cases  of  marked  ansemia  with  tarry  stools,  and  in  aneurism 
of  the  aorta,  in  great  debility  from  aeute  or  chronic  illness,  and  in  preg- 
nancy.  Even  in  the  absence  of  any  of  the  foregoing  conditions  the  retebing, 
gagging,  and  distress  of  the  patient  may  be  so  great  that  the  attempt  to  pass 
the  tube  must  be  temporarily  abandoned. 

The  f raetional  tube  can  be  used  in  practieally  any  condition.  Rehfuss 
claims  he  has  used  it  in  ali  f orms  of  gastric  disease  with  no  ill  effects. 

(b)  The  Chemical  Exainiiiation. — The  further  examination  of  the 
stomach  eonsists  in  the  administration  of  certain  test-meals  or  substances, 
their  removal  by  means  of  the  stomach-tube  after  a  given  period  of  tirne, 
and  the  application  of  various  ehemical  tests  for  the  digestive  agents  of  the 
gastric  juice. 

Test-Meals. — Several  standard  test-meals  are  in  use. 

Plain  water  is  a  slight  gastric  stimulant  and  brings  out  a  clear  exudate 
from  the  gastric  walls. 

The  Ewald  Test-breakfast. — This  eonsists  of  35  grammes  of  stale 
bread  or  toast  without  butter  and  200-400  c.c.  of  weak  tea  or  water.  Two 
small  slices  of  toast  without  butter  and  one  cup  of  weak  tea  without  cream 
or  sugar  represent  these  amounts  fairly  well. 

RiEOEL^S  Test-meal. — Two  hundred  c.c.  mutton  broth,  150-200 
grammes  beefsteak,  potato  puree  50  grammes,  one  roll  35-50  grammes  is 
given  to  show  the  reaetion  of  the  stomach  to  a  mixed  meal. 

Oatmeal  meals  are  supposed  to  be  free  from  lactic  acid.  Other  meals 
have  in  addition  urea  or  other  chemicals  in  order  to  determine  the  amoont 
of  material  which  has  been  evacuated  f  nHn  the  stomach. 

Retention  meals  containing  substances  ea8ily  recognized — such  as 
prunes,  raspberries  or  lycopodium  powder — are  often  given  but  are  not 
necessarv  since  the  introduction  of  the  fractional  method  of  gastric  analysi8. 

Starch. — The  effect  of  the  8alivary  enzvmes  can  be  first  and  most 
simpiv  ascertained.  The  conversion  of  starch  to  achroodestrin  and  mal- 
tose  goes  on  in  the  stomach  nntil  the  free  acids  of  gastric  secretion  reach 
a  certain  point.  The  well-known  iodine  reaetion,  coloring  starch  violet, 
coloring  erj'throdextrin,  the  first  product,  mahoganv  brown,  and  having 
no  characteristie  color  effect  in  the  final  stages,  achroodextrin  and  maltose, 
allows  us  to  estimate  quickly  and  qualitatively  the  extent  of  salivar7  diges- 
tion.  Both  the  filtrate  and  residue  contain  reacting  substances,  soluble  and 
insoluble  starch.  Excess  of  unaltered  starch  gives  at  once  with  iodine 
Solutions  (Lugors  solution  .1  Om.  iodine,  .2  Om.  potass.  iodide,  200  cc. 
water)  a  deep  violet  color;  aehroodeitrin  and  maltose  show  no  color  reae- 
tion, though  the  latter  is  readilv  detected  by  Fehling's  solation.  Iodine, 
however,  must  be  added  in  excess,  since  achroodextrin  has  a  greater  affinity 
for  it  than  has  starch,  and  the  violet  starch  reaetion  may  onlj  appear  after 
ali  the  achroodextrin  has  been  satisfied.  The  same  color  effeets  can  be  readil^ 
seen  under  the  low  power  of  the  mieroMope. 
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The  main  relationship  which  starch  tests,  i.e.,  salivary  digestion,  bear 
to  stomacL  digestion  is  that  hyperacid  conditions  of  the  stomach  interfere 
with  its  progress,  and  that  hypo-acid  conditions  may  f avor  it. 

The  more  important  tests  in  ordinary  clinical  work  are  those  for  (1) 
ccidity;  (2)  presenee  of  free  acids;  (3)  presence  of  free  HCl,  lactic  and 
butyric  acids ;  (4)  presence  of  HCl  in  combination  (combined  HCl).  Tests 
for  proteid  digestion,  pepsin  and  peptone  reaction,  are  usually  considered 
to  be  unnecessary  when  normal  or  increased  free  HCl  is  found.  Milk- 
curdling  ferment  is  rarely  tested  for.  A  fat-splitting  ferment  in  small 
amounts  has  beeu  occasionally  demonstrated,  but  is  not  regarded  as  of 
^reat  practic^  importance.  The  qualitative  tests  in  common  use  can  be 
first  considered. 

Qualitative  Tests. — 1.  Test  for  Acidity. — The  products  and  agents 
of  gastric  digestion  are  normally  acid,  this  reaction  being  due  to  free  acids 
— HCl,  lactic  acid,  butyric  acid,  and  their  combinations.  Blue  litmus 
paper  is  reddened  by  their  presence. 

2.  Tests  por  the  Presence  of  Free  Acids. — Congo  red  paper  or 
solution  is  tnmed  deep  blue  by  free  HCl.  A  less  intense  reaction  is  given 
by  the  organic  aeids. 

3.  Tests  for  the  Presence  of  Free  HCl,  Lactic  Acid,  etc. — HCL 
(a) —  Meihtfl  Violet  Reaction. — To  a  pale  violet  solution  of  methyl  violet 
(one  drop  concentrated  aqueous  or  alcoholic   solution  in  a  test-tube  of^ 
water)  add  a  few  drops  of  the  filtrate.    A  distinct  blue  change  takes  plače 
if  free  HCl  is  present.    A  control  tube  should  be  on  hand  for  comparison. 

(b)  Tropaolin  00  Reaction, — Two  or  more  drops  of  fresh  concentrated 
alcoholic  solution  of  tropceolin  (a  deep  orange-colored  solution)  are  spread 
on  a  porcelain  plate  or  dLsh.  The  same  amount  of  filtrate  is  added  to  this 
surface  and  the  porcelain  gently  heated.  A  distinct  violet  reaction  turning 
to  blue  takes  plače. 

(c)  Phloroglucin-vanUlin  (Giinshurg's)  Reaction. — Two  or  three  drops 
of  the  solution  (phloroglucin  2  Gm.,  vanillin  1  Gm.,  alcohol  30  c.c.)  are 
used  with  the  same  amount  or  more  of  the  filtrate  as  in  the  tropa^olin  test 
and  dried  by  gentle  heat.  The  brown  color  of  the  phloroglucin-vanillin  is 
changed  to  a  distinct  carmine  red  if  free  HCl  is  present. 

(d)  Diniethylwmidoazohenzol  Reaction. — A  drop  of  a  .5  per  cent.  alco- 
holic solution  of  this  substance  (a  light  red-brown  solution)  added  to  the 
filtrate  or  to  the  residue,  quickly  gives  a  bright  red  color  if  free  HCl  is  pres- 
ent. In  cases  where  but  a  few  drops  of  gastric  contents  have  been  secured 
this  test  can  be  readily  applied  without  waiting  to  filter. 

The  la&t  two  tests  are  by  far  the  mast  reliable  and  are  generally  con- 
sidered as  absolute  tests  for  the  presence  of  free  HCl.  Lactic  acid  in  exeess 
may  give  suggeistive  results  in  the  methvl  violet  and  tropiBolin  reactions. 

Lactic  Acid. — TJffelman's  Test. — One  drop  of  a  10  per  cent.  solution 
of  ferric  chloride  is  added  to  20  c.c.  of  a  1  per  cent.  solution  of  carbolic 
acid.  The  resulting  deep  blue  mixture  is  diluted  until  it  appears  as  a  light 
amethy8t.  On  the  addition  of  a  gastric  filtrate  containing  lactic  acid  the 
amethy8t  changes  to  distinct  yellow.  Excess  of  free  HCl,  sugars,  or  peptonea 
iiiay  decolorize  the  amethyst,  and  the  yellow  tint  of  many  filtrates  if  added 
in  ezcess  gives  suggestive  but  uncertain  results.  A  comparison  ^nth  a 
U 
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test  solution  of  lactic  acid  is  always  usefiil  for  a  beginner.  Far  better 
results  are  obtained  by  shaking  a  portion  of  the  filtrate  with  ether,  which 
extracts  the  lactic  acid,  and  applying  the  test  to  the  evaporated  residue, 
which  may  be  preferably  diluted  with  2  or  3  c.e.  of  water.  Strauss'  modi- 
fication  of  this  test  is  also  serviceable.  One  may  dispense  with  the  sep- 
arator  if  it  is  not  obtainable.  Five  c.c.  of  ga^^tric  juice  are  placed  in  a  test- 
tube;  20  c.c.  of  ether  are  then  added,  the  tube  corked,  thoroughly  shaken 
for  a  few  minutes,  and  allo\ved  to  settle.  The  overlying  ether  and  extraet 
can  now  be  carefiilly  reraoved  with  a  pipette  and  niixed  with  5  c.c.  of 
distilled  water.  To  this  mixture  two  drops  of  a  1  in  9  watery  solution  of 
ferric  chloride  are  added  and  the  mixtiire  is  again  shaken.  The  watery 
laver,  as  it  settles  below,  is  of  an  intense  greenish-yellow  color  if  lactic  acid 
be  present. 

Butijric  Acid, — This  acid  Ls  usually  only  tested  for  by  its  odor.  This 
and  others  of  the  volatile  fatty  acids,  acetic  and  valerianic,  are  onlv  looked 
for  in  marked  conditions  of  stagnation  of  the  gastric  contents.  Verv 
minute  quantities  of  them  ali,  however,  occur  in  various  foodstuffs. 

Comhined  IICl. — A  qualitative  test  for  the  proteid  conibinations  of 
IICl  is  not  in  general  use.    The  quantitative  testfi  will  be  considered  below. 

Proteid  Digestive  Power. — For  the  qualitative  tests  of  the  power  of 
the  gastric  juice  to  digest  proteid,  one  or  two  simple  devices  have  been  used. 
J^ibrin  and  coagulated  albumin  {eg^  albumin)  are  the  common  proteids 
used:  the  fibrin  well  washed,  hardened  in  alcohol  and  stained  by  neutral 
carmine,  will  digest  in  gastric  juice  containing  free  IICl  and  pepsin,  impart- 
ing  a  red  color  to  the  liquid  mixture  as  the  carraine  Ls  set  free  by  the 
digestion. 

Small  pieces,  or  disks,  2  mm.  in  diameter,  1  mm.  in  thickness,  of  not  too 
finnly  coagulated  egg  albumin  are  placed  in  a  few  c.c.  of  gastric  contents. 
According  to  the  amount  of  pepsin  and  free  IICl  present  digestion  begins 
more  or  less  rapidly,  and  softening  of  the  edges  of  the  disks  can  be  seen 
in  one  to  two  hours.  Many  hours  are  required  for  the  complete  granulation 
of  either  fibrin  or  albumin.  Gastric  juices  deficient  in  free  HCl  have  less 
and  loss  effect  upon  the  proteids  employed.  Some  slight  digestion  goes  on 
even  with  complete  absence  of  free  IICl. 

Neither  of  the  proteid  digestive  tests  is  very  instructive,  and  one 
must  remember  that  the  pepsin  present  in  the  gastric  filtrate  has  been 
already  partlv  used  in  the  proteid  digestion  of  the  test-meal.  Sahli's  des- 
moid-proteid  digestive  test  will  be  considered  under  the  absorption  tests. 

Tests  for  Rennin  and  Rennin  Ztmogen. — To  10  or  15  c.c.  of  neutral 
milk  add  5  c.c.  of  gastric  filtrate,  and  plače  the  mixture  in  a  thermostat  or 
in  anv  warm  plače.  In  10  to  15  minutes  coagulation  begins.  This  is 
merelv  the  familiar  **junket  making."  Free  HCl  is  not  nece8sary  for  its 
performance. 

Quantitative  Tests. — For  the  differentiation  of  many  of  the  disorders 
of  ga.^ric  secretion  an  estimation  of  the  amount  of  acids  and  acid  combina- 
tions  is  of ten  necessarv.  Free  HCl  is  the  onlv  free  acid  regularly  estimated. 
The  estimation  of  the  total  acidity  of  the  gastric  contents,  whicli  is  made 
up  of  free  HCl,  traces  perhaps  of  other  acids  (lactic  acid),  and  combina- 
tions  of  HCl  and  lactic  acid  (if  present)  with  the  proteids  of  the  admin- 
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istered  meal,  is  the  iiext  important  step.     Estimation  of  these  combined 
products  are  also  made. 

QuANTiTATivE  EsTiMATiON  OF  THE  Amount  OP  Free  HCl. — The  amouiit 
not  used  in  the  process  of  digestion  at  the  tirne  of  the  test-meal  's  reraoval. 
The  general  prineiple  of  aH  the  tests  for  total  acidity  and  free  acids  is  the 
same,  namely,  to  add  to  the  filtrate  a  standard  alkaline  solution  until  the 
acid  contents  are  neutralized.  To  aid  in  determining  lieutralization  vari- 
ons  coloring  agents,  some  of  whieh  have  been  already  described  in  the 
qiialitative  tests,  are  added  to  the  gastric  filtrate.  These  coloring  agents 
have  the  peculiarity  of  losing  or  even  changing  their  color  when  the  filtrate 
becomes  neiitral  or  faintly  alkaline  in  reaction  from  the  added  alkali.  The 
solution  in  general  iise  is  the  **one-tenth  normar*  sodium  hydrate.  This 
one-tenth  normal  solution,  written  ^  NaOlI,  is  preferred  on  account  of  its 
dilution,  which,  \vhen  dealing  with  such  small  amounts  and  percentages  as 
are  found  in  the  stomach  contents,  is  verv  neeessary.  One  c.c.  of  this  -^^ 
NaOH  corresponds  to  or  exactly  neutralizes  .00365  gramme  of  free  II Cl. 

Technic. — Dilute  10  c.c.  of  the  gastric  filtrate  with  50  c.c.  of  sterile 
water  and  plače  in  a  gla«s  beaker.  Drop  from  a  gradiiated  biirette  ^  NaOH 
until  the  so-called  indicators  or  coloring  agents  show  the  characteristic 
changes  indicative  of  complete  nentralization.  The  number  of  c.c.  of  ^^^ 
NaOll  used,  miiltiplied  by  the  free  HCl  equivalent  of  1  c.c.  ^rr  NaOH 
(.00365  gramme),  gives  the  amoiint  of  HCl  in  the  10  c.c.  of  gastric  filtrate, 
and  one  readily  calciilates  the  percentage  amount  therefrom,  normally 
about  .1825  gramme  per  100  c.c. 

At  present  it  is  more  common  to  express  the  results  in  direct  figures  or 
per  cent.,  indicating  mercly  ho\v  manv  c.c.  of  .^^  NaOH  are  necessarv-  to 
neutralize  100  c.c.  of  the  gastric  filtrate  {i.e.,  its  contained  free  HCl),  as, 
for  instance,  if  10  c.c.  of  gastric  filtrate  (containing  free  HCl)  are  neutral- 
ized by  5  c.c.  of  Y^  NaOH,  the  percentage  of  free  HCl  is  said  to  be  50. 

The  most  convenient  indicator  for  free  HCl  is  dimethylamidoazo- 
benzol.  Tn  contact  with  free  HCl  in  the  filtrate  a  bright  red  color  is  shown. 
Nentralization  by  ^^^  NaOH  turns  the  red  color  to  a  turbid  yellow.  The 
beaker  containing  the  filtrate  and  indicator  should  be  well  stirred  or  shaken 
\rhile  adding  the  alkaline  solution  from  the  burette. 

Equally  satisfactorv  for  (|uantitative  estimation  is  the  ]>hIoroglucin- 
Tanillin  test.  Ten  c.c.  of  the  filtnite  are  placed  in  a  beaker,  the  ^  NaOH 
is  added  slowly,  and  after  everv  10  to  15  drops  one  takes  a  drop  of  the 
filtrate  and  tests  it  for  free  HCl  on  a  porcelain  plate  with  the  phloroglucin- 
vanillin.  The  non-appearancc  finnlly  of  any  trace  of  the  camiine-red  color 
indieates  the  complete  nentralization  of  the  free  HCl  in  the  filtrate. 

The  S.mtt.i  Tkst. — The  reagent  is  a  mixture  of  equal  parts  of  a  48  per 
cent.  solution  of  potassium  i(»di(le  and  an  8  per  cent.  solution  of  iodate. 
Free  hydrochloric  acid  added  to  this  reagent  produces  free  iodine. 

Technio. — One  c.c.  of  strained  gastric  contents  is  diluted  with  15  c.c. 
of  water,  and  2  c.c.  of  the  reagent  added.  Set  the  mixture  aside  for  sev- 
eral  minutes,  then  titrate  with  y^  sodium  thiosulphate  until  but  a  faint 
yellow  color  remains.  Add  a  few  drops  of  a  1  per  cent.  solution  of  Roluble 
starch  and  titrate  until  the  blue  color  disappears.  .^  thiosulphate  is  equiv- 
•lent  to  y^  alkali.    Therefore  the  number  of  c.c.  used  represents  the  num- 
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ber  o£  j^j^  neces8ary  to  neutralize  the  free  hydrochloric  acid  in  1  c.c.  of 
gaittric  coutentB.    This  is  multiplied  by  10  as  in  former  estimates. 

Ehtimation  op  Total  Aciditv. — The  same  methods  are  used  with 
merely  different  indieetors:  either  phenolphthalein  or  rosolic  acid.  Two 
or  three  drops  of  a  1  per  cent.  alcoholic  solution  of  the  former  give  to  the 
(rastric  filtrate  a  turbid  appearance.  Upon  the  gradual  addition  of  the 
A  NaOII  there  appears  a  red-purple  color  where  the  drop  strikes,  quickly 
disappoarinp:  at  flrst  biit  becoming  more  and  more  persistent  lintil  shaking 
the  filtrate  no  longer  causes  the  color  to  disappear.  A  good  rule  to  follow 
in  this  test  is  to  considor  the  reaction  complete  when  the  color  will  remain 
for  40  or  60  seconds. 

Upon  the  addition  of  2  or  3  drops  of  a  concentrated  solution  of  rosolic 
acid  to  10  c.c.  of  the  filtrate  the  color  is  changed  to  light  brown,  Neu- 
tralization  is  8hown  by  the  appearance  of  a  rosy  red  color. 

Since  the  ostimation  of  the  total  acidity  requirea  the  greater  amount 
of  alkalino  solution,  it  is  possible  to  make  both  tests  in  one  beaker  con- 
taining  10  c.c.  of  filtrate.  Using  dimethylamidoazobenzol  as  an  indicator 
ono  can  find  flrst  the  amount  of  ^  NaOH  necessary  to  neutralize  the  free 
IICl  prosoiit.  By  adding  phenolphthalein  or  rosolic  acid  to  the  now  light- 
yellow  mixture  the  determination  of  the  total  acidity  can  be  made;  the 
amount  of  ^^  NaOII  dropped  in  after  using  the  last  indicator  being  merelT 
added  to  the  amount  rocordod  in  the  estimation  of  the  free  HCL 

Frequently  it  is  of  interefit  to  estimate  how  much  of  the  secreted  HCl 
has  combined  with  the  proteid  of  the  meal  forming  the  so-called  eombined 
IICl.  Manv  oasos  showing  no  free  HCl  on  tests  will  show  that  there  has 
l)eon  free  IICl  secreted  in  the  stomach  as  evidenced  by  the  existence  of 
ita  combined  products. 

The  simplest  tests  require  the  finding  of  the  total  acidity  in  tke 
beginning. 

The  total  acidity  represents  free  acid.  acid  combined  with  proteid^. 
and  acid  salts  (acid  phosphate). 

Alizarin  as  an  indicator  reacts  acid  to  free  acid  and  acid  salts.  bet 
not  to  combinations  of  acids  and  proteids:  hence  the  difiPerence  bet 
two  tests,  the  amount  of  ^  NaOH  used  in  one  with  phenolphthalein 
an  indicator,  the  other  with  alizarin,  must  represent  the  acids  in 
tio!i.  The  reaction  is  complete  when  the  yellow  of  the  indicator  toras  t» 
a  distinot  violet. 

To  summarize  these  tests  with  an  example,  the  following  normi 
fiiruri^s  m« v  Ih>  useil : 

1,  10  c.c.  of  gastric  filtrate  with  phenolphthalein  as  an  indicator  f«- 
neutralization  rei^uire  4  c.c  y^  ^a^^^*  1^  ^c  would  reqaire  40  te. 
Free  aoids,  aeid:s  in  combination,  acid  salts  =  total  acidity  40. 

2.  10  c.c,  of  gastric  filtrate  with  alizarin  as  indicator  (free  acida^ 
salts>  riMuire  3  c,c.    f^  NaOH:  for  neutralization  100  c.c.  wonId 
30cA\    Total  ariditv  41)  —  30  =  10.   Combined  acids  10. 

8.  10  c.c.  of  gastric  juice  with  dimethylamidoazobenzol  as  i 
(free  Kvdrochlorie  acid  only>  regnire  2.5  cc  ^  NaOH  tet  nca 
Pree  HCl  therefore  =  25,  in  teims  of  100. 

A  rnneh  more  rdiable  mettod  of  ertmating  emnUned  Ha  is 
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Cohnheim  and  Krieger.  Calcium  phosphotungstate  separates  HCl  from 
its  combination  with  albumin  and  albumoses,  the  calcium  uniting  with  the 
nCl  forming  neutral  calcium  chloride.  In  the  process  a  reduction  of  the 
total  aeidity  takes  plače,  corresponding  to  the  amount  of  combined  HCl, 
which  has  been  changed  to  the  neutral  calcium  chloride.  The  difference 
between  titrations  before  and  after  the  calcium  phosphotungstate  reaction 
must  represent  the  amount  of  acid  in  proteid  combination.  The  detail  is 
more  troublesome  than  the  simple  alizarin  process,  but  gives  far  more 
accurate  results  than  can  be  expected  wherp»  two  separate  color  changes  are 
pequired. 

Four  per  cent.  phosphotungstic  acid  is  neutralized  by  gently  boiling 
with  calcium  carbonate.  Calcium  phosphotungstate  is  formed;  the  solu- 
tion  is  filtered,  tested  for  neutrality,  and  can  be  kept  for  any  length  of 
tirne.  30  c.c.  of  this  calcium  phosphotungstate  are  added  to  10  c.c.  of  gastrie 
juice.  A  heavy  precipitate  of  proteid  phosphotungartate  results  while  the 
newly  formed  neutral  calcium  chloride  remains  in  solution.  This  mixture 
is  now  filtered,  the  precipitate  remaining  on  the  filter  paper  being  well 
wa8hed  by  pouring  on  it  distilled  water  (two  or  three  separate  additions  of 
5  or  10  c.c.)  and  adding  the  wash  water  to  the  original  filtrate. 

Using  rosolic  acid  as  an  indioator  the  total  acidity  of  10  c.c.  of  gastric 
juice  is  first  estimated,  then  the  same  test  is  repeated  with  the  material 
obtained  after  the  phosphotungstate  reaction,  usually  about  50  c.c.  of 
elear  fluid.    As  an  illustration : 

1.  Total  acidity  of  10  c.c.  gastric  juice,  rosolic  acid  as  indicator  =  50. 

2.  Total  acidity  of  mixture  (10  c.c.  gastric  juice  +  30  c.c.  calcium 
phosphotungstate  +  wash  water),  rosolic  acid  as  indicator  =  35.  50  —  35 
=  15,  difference  due  to  conversion  of  HCl  combined  with  proteids  into 
neutral  calcium  chloride.    Combined  HCl  therefore  =  15. 

Gastric  juices  in  which  the  free  HCl  is  absent  are  often  examined 
for  free  HCl  deficiency.  This  is  necessary  if  the  calcium  phosphotung- 
state method  of  estimating  combined  acids  is  used.  The  process  is  simple 
and  similar  to  the  above  tests.  To  10  c.c.  of  filtrate,  dimethylamidoazo- 
benzol  is  added.  With  absence  of  HCl  there  is  of  course  no  reaction. 
^  HCl  is  now  added  until  a  reaction  for  free  HCl  takes  plače.  If  for 
instance  1  c.c.  ^  HCl  must  be  added.  the  equation  is  10  c.c.  gastric  filtrate, 
with  dimethylamidoazobenzol  as  indicator,  required  1  c.c.  ^  HCl  to  pro- 
duce  a  reaction  of  HCl.    In  terms  of  100,  HCl  deficit  =  10. 

Ouantitative  tests  for  lactic  acid  are  not  necessary.  The  chlorides 
as  a  general  rule  are  not  tested.  Since,  however,  their  increase  in  gastric 
eareinoma  has  been  claimed,  a  quantitative  estimation  is  at  times  called 
for.  The  procedure  is  lengthy,  and  for  its  methods  the  reader  is  referred 
to  work8  on  chemistry. 

Test  of  Oastric  Absorption.  —  The  absorptive  power  of  the  stomach 
may  be  estimated  by  the  administration,  when  the  organ  is  empty,  of  a 
gdatin  capsule  containing  0.2  Gm.  of  potassium  iodide.  The  šaliva  and 
nrine  are  tested  at  intervals  of  several  minutes  by  the  addition  of  a  small 
qiuuitity  of  starch  meal  or  a  bit  of  starch  paper  and  HCl.  A  positive  re- 
aetion  is  8hown  by  the  familiar  blue  color  which  normaIly  should  appear 
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in  the  šaliva  in  six  to  fif teen  minutes  and  in  the  urine  in  about  fifteen 
minutes.    This  test  is  of  no  great  valne. 

Sahli's  Desmok)  Test. — ^More  as  a  test  of  peptic  aetivity  than  of 
gastric  absorption,  this  deaerves  mention  and  description.  Recognizing 
that  peptic  digestion  as  shown  in  the  test-tube  represents  by  no  means  the 
conditions  inside  the  stomach,  many  investigators  have  endeavored  to 
invent  some  eapsule  which  would  open  and  give  out  its  absorbable  contents 
as  a  resnlt  of  gastric  digestion  a  Ione.  Great  trouble  was  experienced  for 
two  reasons.  First,  osmosis  between  the  contents  of  the  eapsule  and  gastric 
juice  took  plače  through  the  animal  membranes  (proteid  substances),  and, 
secondly,  many  of  the  substances  used  were  disintegrated  by  the  mus- 
cular  action  of  the  stomach.  Sahli  's  invention  consisted  in  enclosing  absorb- 
able  substances  (iodoform  and  methylene  blue)  in  a  small  piece  of  rubber 
dam,  tying  them  in  with  a  strand  of  raw  catgut.  Osmosis  cannot  take 
plaee  through  the  rubber;  raw  catgut  can  only  be  dissolved  by  the  gastric 
contents,  resisting  absolutely  the  pancreatic  ferments.  The  appearance  of 
iodiue  in  the  šaliva  and  methylene  blue  in  the  urine  is  held  to  indicate  that 
the  raw  catgut  has  been  digested  by  the  gastric  juice  and  set  the  contents 
of  the  *'piir'  free;  hence  the  main  value  of  the  test  is  the  proof  of  the 
digestion  of  proteid  and  peptic  activity.  The  details  of  the  desmoid  test 
are  as  follows: 

Iodoform  .1  gramme  and  methylene  blue  .05  gramme  are  enclosed  in  a 
square  of  rubber  dam  2X2  cm.  The  rubber  is  stretched  tightly  to  make  a 
small  pili  and  its  loose  ends  tied  \\'ith  catgut  which  has  been  previously  soft- 
ened  in  water.  AH  free  hanging  edges  of  rubber  are  trimmed  off.  The  pili 
properly  formed  should  sink  in  water  and  should  show  no  diffusion  of 
methylene  blue  when  placed  therein.  Well  made  and  tested  in  this  way  a  pili 
given  during  a  full  general  meal,  preferably  at  mid-dav,  should  sink  to  the 
bottom  of  the  stomach  and  will  not  be  carried  off  until  the  end  of  digestion. 
In  from  5  to  7  hours  the  first  blue  tingeing  of  the  urine  from  methylene 
blue  takes  plače.  lodine  can  be  determined  in  the  šaliva  or  urine  by  shaking 
a  anali  quantity  of  the  respective  fluids  with  a  few  c.c.  of  chloroform  and 
adding  pure  colorless  nitric  acid,  a  reddening  of  the  chloroform  being  the 
indicator  of  the  presence  of  iodine. 

Peptic  activitv  is  most  conveniently  determined  by  means  of  the  Mett 
gla*«  tubes  filled  with  eoagulated  albumin  and  submitted  to  the  action  of 
the  gastric  juice  for  a  definite  length  of  time.  The  length  of  the  column  of 
albumin  digested  at  each  end  of  the  tube  is  determined  accurately  with  a 
low  power  microseope  and  measured  with  a  millimeter  scale.  The  figure 
adopted  is  the  mean  of  both  ends. 

Since  the  digestibilitv  of  egg  albumin  varies  greatlv  the  method  of 
Nirenstein  and  Schiff  is  recommended  (IIa\vk).  The  tubes  are  prepared  by 
Christiansen's  method  as  follows:  The  whites  of  several  eggs  are  strained 
through  cheeseeloth.  Glass  tubing  8-10  inches  in  length  and  1-2  mm.  in 
diameter  is  sucked  full  of  e^  albumin  and  laid  in  a  horizontal  position. 
A  lar^e  evaporating  dish  is  filled  with  water  whieh  is  heated  to  the  boiling 
point  and  allowed  to  cool  to  exactly  85®  C.  The  tnbes  are  placed  in  the 
water  at  85^  G.  and  allowed  to  remain  there  until  cool.  These  tnbes  eon- 
tain  8oft  boiled  material  which  is  more  readilv  diivested  than  if  hard  boiled. 
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The  ends  are  sealed  by  dipping  in  melted  paraffin  and  when  ready  for  use 
marked  with  a  file  and  broken  into  pieces  of  appropriate  lengths — three- 
fourths  inch.  Christiansen  gives  the  following  method  for  controUing  their 
digestibility:  1  c.e.  of  gastric  juice  is  put  into  a  small  p]rlemneyer  flask 
and  15  c.e.  of  ^^  HCl  added.  The  ilask  is  stoppered  and  placed  in  an 
incubator  for  twenty-four  hours  at  37°  C.  At  the  end  of  that  time  the 
tubes  are  removed  and  the  ainoimt  of  digestion  calculated  at  both  ends  of 
the  tube,  and  the  mean  of  the  tube  readings  adopted. 

The  peptio  power  is  expressed  by  the  square  of  the  number  of  mm. 
digested.  A  reading  of  2  mm.  gives  a  digesting  power  of  4,  or  in  the  inidi- 
luted  juiee  4  times  16  or  64. 

Tests  of  the  Motor  Power  of  the  Stomach. — Lavage. — A  satisfactory 
test  for  gastrie  motility  eonsists  in  the  administration  of  a  Riegel  test-meal 
and  the  washing  out  of  the  stomach  at  the  end  of  seven  hours,  when  luider 
normal  conditions  the  organ  will  be  found  to  have  emptied  itself .  After  an 
Ewald  test-meal  traces  of  food  should  have  disappeared  at  the  end  of  two 
hours.  No  remnants  of  an  ordinary  supper  should  be  found  upon  washing 
out  the  stomaeh  the  following  moming  after  rising  at  the  usual  hour.  In 
atonic  conditions  and  dilatation  remnants  oi  partially  digested  food  may  be 
wa8hed  out  not  only  at  the  end  of  these  periods  but  in  extreme  cases  even  at 
the  end  of  two  or  three  days. 

The  Salol  Test. — Less  reliable  is  the  administration  of  one  gramme 
of  salol  in  gelatin  capsules  direetly  after  an  ordinar^-  meal.  The  urine  is 
voided  at  subsequent  intervals  of  half  an  hour,  one,  two,  three,  and  twenty- 
seven  hours,  and  the  respective  discharges  preser\'ed  for  examination  in 
separate  vials.  Each  portion  is  tKen  Beparately  tested  for  the  presence  of 
salicvluric  acid  by  the  addition  of  a  small  quantity  of  a  solution  of  ferric 
ehloride^  which  develops  in  the  presence  of  the  acid  a  violet  color.  The 
presence  of  salicyluric  acid  in  the  urine  is  the  sign  of  the  decomposition 
of  the  salol  into  phenol  and  salicylic  acid,  and,  as  this  takes  plače  onlv 
in  an  alkaline  medium,  it  is  the  indication  that  the  salol  has  passed  f  rom  the 
stomach  into  the  intestine,  which  with  normal  gastric  motility  takes  plače 
in  about  one  hour.  A  retarded  reaction  indicates  impairment  of  motility, 
a  delay  of  twenty-four  hours  is  suggestive  of  pyloric  obstruction.  This  test 
is  not  aecurate,  as  it  is  impossible  to  determine  in  different  individuals  the 
relative  time  consumed  by  the  ehemical  changes  in  the  intestine  and  the 
elimination  by  the  kidneys.  ]Moreover,  the  salol  mav  go  out  of  the  stomach 
not  with  the  first  portion  of  the  food  but  with  the  last.  Noimallv  ali  of 
the  salicvluric  acid  shculd  hav(»  been  eliminated  within  twenty-8i»yen  hours. 

Occult  biood  mav  be  domonstrated  by  the  tests  doscribed  elsewhere  in 
the  examination  for  ])lood.  Wagner\s  mothod  Ls  pro])al)ly  the  most  satis- 
factory.  Smears  are  made  of  the  gastric  material  to  which  is  added  in 
eqnal  parts  a  concentratod  soluti(m  of  ])enzidine  in  glacial  acetic  acid  and 
peroxide  of  hydrogen  solution.  If  blood  is  present  a  bluish-green  color 
will  soon  appear. 

(c)  Microscopical  Examination  of  Oastric  G>ntents. — ^With  the  ordi- 
iiaiy  Ewald  test-meal  little  is  to  be  learned  by  microscopical  examination. 
Starch  grannles,  a  few  epithelial  cells,  and  bacteria  are  usuallv  seen.  If 
tfaere  haa  been  much  trouble  in  passing  the  tube  a  few  Uood-cells  mav  be 
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found.  With  a  mixed  meal  or  in  vomited  material  srtarch,  potato  starch, 
fat  droplets,  and  meat  fibres  are  readily  recognized.  Many  and  larger 
bacteria  are  seen,  a  few  leiicoeytes  are  commonly  met  with,  and  in  sedi- 
ments  deposited  after  standing,  many  large  granular  mononuclear  cel  Is. 
In  cases  of  aente  gastritis  eonsiderable  blood  and  pus  may  be  found  amonj^ 
the  stringy,  transparent  strands  of  mneus.  In  gastrie  nlcer,  blood  in  the 
test-meal  or  vomitus  is  eommon.  It  may  be  recognizable  if  the  hemorrhage 
has  been  recent.  The  hyperaeid  condition  of  the  gastrie  juice  in  these 
cases,  however,  destroys  the  blood-eells  rapidly  and  chemical  tests  for  the 
blood  are  necessary.  Tissue  cells  from  the  ulcerating  area  are  often  found. 
In  gastrie  caneer  with  lessened  acidity  blood-cells  are  lesa  quickly  de8troyed, 
but  as  a  general  rule  the  digestive  juices  rapidly  alter  the  separate  cells. 
Small  clots  whieh  have  partially  resisted  the  gastrie  juice  form  the  sediment 
in  the  characteristic  '*coffee-grounds''  vomitusi  of  caneer  of  the  stomach. 
Occasionally  small  masses  showing  distinct  adenocarcinomatous  arrange- 
ment  may  be  found  and  are  conclusive  proof  of  the  existence  of  caneer. 
Small  masses  of  tumor  visible  macroscopically  are  occaflionally  seen  in  the 
vomit  or  washings  from  a  carcinomatous  stomach. 

Of  the  bacilli  present  a  majority  are  small,  more  or  less  motile,  prob- 
ably  introduced  with  food."  A  few  extra  large  organisms  of  the  hay  bacillus 
group  are  always  to  be  found.  One  should  be  careful  not  to  consider  these 
large  regular  organisms  as  the  form  described  by  Oppler  and  Boas.  The 
latter  are  large,  irregular  club-shaped  and  vacuolated  bacilli,  possiblv  the 
degenerate  forms  of  the  so-called  gas  bacillus,  or  of  a  special  lactic  acid 
forming  bacillus.  They  are  most  commonly  found  when  lactic  acid  is  pres- 
ent, and  under  this  condition  have  been  considered  as  suggestive  of  caneer. 

EiNHORN^s  Bead-test  OP  DiGESTiVE  AcTiviTT. — Six  small  glass  beads 
are  connected  with  a  silk  thread;  to  each  bead  is  tied  some  particular 
sort  of  food.  Raw  catgut  and  a  soft  long-bone  of  a  pickled  herring  are  the 
two  subsrtances  used  to  test  gastrie  digestion ;  raw  meat,  raw  thymus  gland« 
mutton  fat,  and  a  cube  of  cooked  potato  test  the  intestinal  digestive  power. 
The  beads  and  thread  ean  be  placed  together  in  a  gelatin  eapsule  and  swal- 
lowed.  Normally  the  beads  should  appear  in  the  stool  in  one  or  two 
davs;  their  elimination  earlier  than  this  indicates  accelerated  motility  of 
the  intestine;  their  appearance  in  the  stool  later  than  two  days  after 
administration  is  held  to  indicate  retardation  of  the  fecal  excretion.  Ali 
the  beads  should  be  empty,  though  traces  of  fat,  thymus,  and  fish-bone 
mav  be  left  undijrested.  Excretion  of  the  catgut  and  fish-bone  undigested 
would  indicate  impaired  gastrie  digestion.  Excretion  of  undigested  meat, 
thymus,  or  fat  indicates  deficient  intestinal  digestion.  The  silk  thread  is 
of  course  merelv  to  facilitate  the  finding  of  the  beads. 

The  Fractional  Method  of  Gastrie  Analysis.i 

The  Fractional  Tube. — The  older  mothods  of  gastrie  analysis  were 
repeatedlv  found  so  inaccurate  in  Hawk's  Laboratorv  that  a  new  procedure 
was  developed  by  Rehfuss — the  so-called  ** Fractional  Method."  The  accom- 
panying  illustration  8hows  the  impossibility  of  interpreting  gastrie  work 

>  Contributed  by  MaKid  E.  Rehfuss,  M.D.,  oolUborator. 
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from  a  single  examination,  the  one-hour  investigation  being  susceptible  to 
the  various  interpretations  shown  in  the  (irawiiig,  each  of  them  being  of 
different  significance. 

A  special  tube  has  beeu  devised,  the  **Rehfiiss  Stomach  Tube,"  whieh 
can  be  left  in  the  stomach  for  long  intervala  without  inconvenience  to  the 
patient.  Rehfuss  has  left  the  tube  in  the  stomach  for  days  without  bad 
effect.  The  tube  is  of  small  bore  (No.  10-12  French)  100  cm.  in  length  to 
permit  both  gastric  aod  duodenal  work,  glasa  moulded  and  fitted  with  a 
metal  tip  of  sufficient  weight  to  gravitate  to  the  bottom  of  the  stomach. 
The  slots  are  the  same  size  as  the  tubing  in  order  that  anything  which  passes 
through  the  slot  will  pass  through  the  tube.  An  aspirating  svringe 
makes  the  apparatus  complete.     The  tube  is  introduced  into  the  stomach 


tfO-CALLCO  lAAVAt  H^PtK-ACIOtTt 


FLATKAU  CVRVft 
IN 


IACHVLIA«  ^»US-AClOITIft« 
OftLAVKO  mOftftTION 

SUft-ACIOiTIM 

'oROifiARv  coufise.  oicesnoH 
Fio.  84. — ^PoBsibilities  in  the  evoIutioD  of  the  8ecretory  curve  of  digestion. 

« 

by  8wallowing  and  not  by  propulsion  which  is  used  in  introducing  the  older 
type  of  tube.  With  this  instrument  it  is  possible  to  follow  every  phase  in 
gastric  digestion.  Rehfuss  has  studied  the  changes  occurring  after  the 
ingestion  of  aH  varieties  of  food. 

Method  of  Intrcduction. — ^The  tip  of  the  tube  is  lubricated  with  vase- 
line,  glycerin,  or  lubricating  jelly.  False  teeth  or  other  movable  objects 
are  removed  fjrom  the  mouth.  The  physician  grasps  the  tip  between  the 
thumb  and  forefinger  and  passes  it  along  the  back  of  the  tongue  until  it 
engages  in  the  pharynx.  The  patient  is  encpuraged  to  swallo\v — this  carrics 
the  tube  into  the  stomach.  Anv  difficulti\'  is  overcome  by  deep  breathing  or 
by  the  drinking  of  water.  Many  patients  are  able  to  swallow  the  tube 
urithout  any  help  what8oever.  A  supersensitivo  pharynx  mav  be  painted 
or  8prayed  with  a  2  or  4  per  cent.  solution  of  cocaine  hydrochloride.  One  maj 
make  several  applieations  to  the  root  of  the  tongue  and  to  the  epiglottis. 
This  is  exceptional  and  not  a  routine  procedure. 
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There  are  certain  points  which  are  of  practical  volue.  The  tube  gradu- 
any  enters  the  stomach.  That  it  is  stili  in  the  ceaophagus  is  Bhovvn  by  the  f  ol- 
lowine  points :  ( 1 )  aspiration  removes  a  small  aample  of  šaliva  or  cesophageal 
mucus,  or  (2)  it  disclosea  a  bloek,  no  raaterial  being  aspirated  owiu^  to  the 
elosure  of  the  slots  by  tbe  cesophageal  valls;  (3)  injection  of  fluid  occurs 
readilj-,  but  cannot  be  reaapirated  because  it  has  entered  the  atomach. 

Whea  tlie  tube  entera  the  "air  ehamber"  it  is  reco^ized  by  the  faet 
that:  (1)  aspiration  brings  back  air,  (2)  injection  is  easily  perfonned  but 
no  liquid  can  be  reaspirated, 

The  gastrie  secretion  is  obtained  and  readily  recognized  when  the  tube 
enters  the  fundus.  Inabillty  to  recover  material  is  due  to  one  or  more 
of  the  following  factors:  (1)  an  unclean  tube.  It  should  always  be  tested 
before  using;  (2)  the  tube  is  in  the  cesophagus,  cardia  or  air  ehamber;  (3) 
the  tube  is  blocked  by  material  too  coarse  to  pass  through  it;  (4)  too  much 
tubing  has  been  passed  and  the  tip  may 
be  in  the  pylorus ;  (5)  occasiODally  hyper- 
active  peristalsis  may  tie  a  knot  in  the 
tube. 

Tke  end  point  of  gastrie  digestion  or 
tke  exact  point  of  gastrie  evacuation  is 
determined  by  mearis  of  the  folloudng 
points:  (1)  No  more  food  can  be  aspi- 
rated,  (2)  by  a  change  in  the  appearance 
of  the  samples  and  the  addition  of  a  little 
j  ]iyloric  mucus,  (3)  the  injection  of  water 
I  into  the  stomach  and  its  reaspiration  dem- 
onstrates  the  absence  of  ali  food,  (4) 
when  water  is  injected  auscultation  '>vill 
reveal  a  hissing  instead  of  a  gurgling 
sound.  Ordinarily  about  55-60  cm.  of 
tubing  is  passed,  depending  apon  the 
position  and  size  of  the  stomach. 

Qastric  Lavage. — Is  performed  read- 
ily  with  this  tube.  The  eorrect  tirne 
for  lavage  with  the  fractional  tnhe  is 
Hhen  the  stomach,  is  empty.  Various  lavage  liquids  can  be  iutroduced  into 
Ihe  stomach  and  reaapirated;  if  normal  aalt  aolution  is  used  the  material  re- 
moved  can  be  centrifu^'ali>:ed.  staiiied  and  cytologica]  studies  made.  This 
often  reveals  intereatiiig  data  in  gastrie  conditions. 

Inflation  and  Auscultation. — Can  be  porfomied.  The  stomach  is  easily 
and  completely  inJlated  with  a  bulb,  and  the  outlines  of  the  organ  deter- 
mined by  palpation  or  percussion.  It  is  interesting  to  combine  au3eultatory 
study  with  inflation.  AVhcn  tlie  viscus  is  full  of  material — e8peciaUy  hyper- 
itecretion  or  liquid — a  mnnber  of  small  gur^ing  rales  are  heard;  as  tho 
organ  is  evacuated,  the  rales  beeome  discontinuous  and  "8ticky."  Pinally, 
when  the  organ  is  completely  evacuated,  after  a  few  initial  8ticky  nlea,  tbe 
mah  of  air  is  diRtinctlv  lieard  and  fades  out  as  the  atethoscope  is  placed 
over  areas  other  than  that  of  the  stomach. 

The  Syphoii  MeOiod    (Fig.  86).— The  end  of  the  tube  is  aUowed  to 
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drain  over  the  edge  of  the  bed  and  the  gastric  specimens  aceumulated  in 
tubes.     Hyperaecretion  can  be  studied  in  this  way  and  affords  eonBiderable 
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Information  of  value.    Piirthermore,  ttie  determination  of  ocenit  blood  obvi- 
ates  the  possibility  of  trauma  in  the  collectioii  of  the  sample. 

Medicaments,  such  as  stlver,  iodides  and  various  disinfect-  I 
ants,  can  be  made  and  eontroiled  with  the  fraetional  tuhc.    The|i 
tube  inay  be  introduced  into  the  atomach,  or  the  duodenum, 
both,  and  tiuids  with  or  withoiit  medieation  administered  by  the  l| 
drop  method  similar  to  the  Murphy  drip  used  in  intestinal 
vork, 

Gastric  Intubation. — The  direct  fitndy  of  gastric  work  has  ' 
anderpone  considerable  alteration.    It  is  possible  to  stiidy  eveiy 
phase  of  gastric  di^estion  and  to  demonstrate  the  alterations  in  / 
dtsease.     A  single  exaniination  at  a  definite  tirne  after  the  ad- 
minLstration  of  a  tpst  meal  was  forinerly  thouffht  sufficient  to 
determine  gaatric  efficieney.     'I'he  introduction  of  the  fraetional 
fcaHtric  tube  has  totally  altered  this  conception.     It  is  realized 
that  there  are  two  perioda  of  gastric  ai'tivity,  one  the  difrestive 
period  in  response  to  the  stimnhis  of  ingrested  food  (Fig.  87), 
the  other  the  interdigestive  or  rest  period  duringwhiehthe 
Kaatric  vvalls  are  more  or  lesa  appro.\imat<.'d  by  peristolc 
while  peristalsis  praeti- 


/ 


eaUy  eeases.     Tonal  < 

hungcr   rontractiona   at 

interval«  take  theirplaee, 

Oastric  diirestionconsists 

ofanevolutionofehanges 

and   a   single  examina- 
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baa  been  determined  by  stiidies  made  npoii  a  large  nunibi>r  of  normal  indi- 

▼idnals.    These  changes  are  altered  in  diseaiie  not  only  in  the  character  of 
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their  evolation  but by  the  addition  of  produets characteristic  of  disease,  tU., 
mucus,  pus,  blood,  bacterial  produets  and  the  specific  produets  of  the 
diseased  process.  Oastric  intubation  will  give  not  alone  the  tg^pe  o£  gastrk- 
digestion  but  alao  the  evideuce  of  disease — ^made  poasible  by  a  study  of  the 
produets  enumerated  above. 

The  residuum  is  the  material  obtained  from  the  stomach  during  the 
ioterdigestive  (rest)  period.  It  is  usually  obtained  in  the  morDins;.  It 
nonnally  averages  30-50  e,c.,  is  thin,  opalescent,  contains  bile  in  over  one- 
half  the  cases,  has  an  average  total  acidity  of  30,  and  an  average  free 
acidity  of  18-20.  It  may  contain  gastric  mucus  equal]y  distributed  through- 
out  the  apecimen  as  differentiated  from  gwallowed  mucus,  which  is  aerated 
and  Hoats  on  the  specimen.  It  sbould  contain  no  pus,  blood  or  maero- 
scopie  food.  The  residuum  enables  one  to  differentiate  between  flwallo"ed 
material  and  exudation  from  the  gastric  wall.  It  demonstrates  the  preseuce 
of  reteution  which  may  be  iutermittent  in  spasm,  or  penmanent  iu  gastric 
disease — intragastric  from  iudurated  ulcer,  neoplaam  near  the  pylorus,  s 
liypertrophic  pylorus,  or  weakne&8  of  the  gastrie  wall  as  found  in  the  atonieit 


Fio.  87. — DictBtivc  ind  intcrdicative  periodi. 

and  myaBthenia8  in  the  various  forms  of  dilatation,  or  ertragastric  fn>n:m 
adhesions  and  tumors  of  the  gall-bladder  and  pancreas,  etc. 

Fractional  Aiialysis.-^B«move  by  gentle  aspiration  5-10  c.c.  of  gastric? 
material  after  the  administration  of  the  test  meal.     Repeat  at  fifteen  minut^s* 
intervala  until  the  end  point  in  gastric  digestion  has  been  reached.     Th^* 
interval  may  be  lengthened  to  twenty  or  thirty  minutea  if  digestion  i^ 
delaved.     CoUect  the  specimens  in  a  series  of  labelled  tubes  and  esnmin^ 
each  specimen  separately.      The  material  is  strained  through  cheeseclottt- 
and  the  fiitrate  esamined  chemiea!ly  by  tbc  -same  raethods  used  when  th^ 
single  one-hour  gaatric  specimen  ia  obtained,  exccpting  1  c.c.  of  fiitrate  i* 
used  instead  of  10  and  ^^^ijNaOII  is  used  instead  of  ^  NaOH.    In  calculat- 
Ing  the  pcrcentage  this  fact  must  be  kept  in  mind,  and  the  reading  multi- 
plied  by  10  to  determine  the  nurober  of  c.c.  of  .j^  NaOH  necessary  to 
neutralize  100  c.c.  of  gantric  material. 

Duodenal  Intubation.  —  This  method  is  important  and  is  rapidlv 
becoming  a  routJne  procedure  for  the  stnd7  of  the  bile  and  the  pancreatic 
secretion.  The  Rehfuss  tube  or  the  duodenal  tubes  of  Einhom  and  Jutte 
are  employed,  about  75  or  80  cm.  of  the  tube  being  passed  as  for  gastric 
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aiialysis.  Clear  broth  or  bouillon  is  given.  The  patient  is  turned  on  his 
right  side  with  the  pelvis  rotated,  the  left  leg  swung  over  the  right  and 
maintained  in  this  position.  The  pelvis  may  be  elevated  by  plaeing  the 
pillow  under  the  hips.  Gentle  aspiration  is  perf ormed  in  three-quarters  of 
an  hour  and  repeated  at  fifteen  minute  intervals  until  bile  is  obtained. 
This  is  readily  recognized  by  its  color,  general  appearanee  and  viscidity. 
When  bile  is  secured  gentle  aspiration  may  be  used  to  seeure  other  speei- 
mens.  The  syphon  method,  however,  is  the  most  satisfactory.  The  same 
ehemical,  microscopical  and  baeteriological  examinations  are  made  as  in  the 
examination  of  other  body  fluids. 

Oastro-Duodenal  Intubation. — Gastro-duodenal  intubation  for  simul- 
taneous  examinations  of  the  stomach  and  duodenum  can  be  performed  by 
the  Rehfuss  double  gastro-duodenal  tube  or  by  the  Palefski  tube,  or  more 
easilv  by  primary  duodenal  intubation,  followed  by  gastric  intubation  after 
bile  has  been  secured  f  rom  the  duodenal  tube.  Samples  can  be  secured  in 
series  as  already  described. 

The  gastric  curve  in  health  is  shown  in  the  accompanying  illustration. 
There  is  no  curve  which  can  be  considered  as  ideal,  inasmuch  as  Rehfuss' 
studies  of  normal  individuals  showed  that  they  reacted  differently  to  the 
same  stimulus,  but  in  general  ali  follow  the  same  trend.    The  response  is 
eiaggerated  in  one — the  hypersecretory  type — and  in  another  somewhat 
sluggish — ^the  hyposecretory  type.    The  evacuation  time  is  generally  betvveen 
two  and  two  and  one-half  hours  with  an  Ewald  meal.    Premature  evacua- 
tion occurs  in  aehylia,  gastric  and  the  subacidities,  in  certain  forms  of 
scirrhous  carcinoma,  in   a  small  proportion   of  duodenal  ulcers,   and   of 
nervous  hyperperistalsis.     Delayed  evacuation  is  seen  in  a  multitude  of 
conditions  with  a  slight  delay  in  the  atonies,  and  in  some  forms  of  ulcer 
pronounced  delays  are  seen  in  pylorie  obstruction,  in  indurated  ulcer  or 
neoplasm  at  the  pylorus. 

The  secretory  variations  are  many  (Pigs.  88  and  89).  We  may  have  an 
ahRolutely  flat  curve  in  achylia  (without  enzymes)  and  anacidity,  or  low 
cun^es  in  the  subacidities  and  the  delayed  responses.  We  may  have  prema- 
ture or  larval  hyperacidity  or  the  long  delayed  hyperacidity  so  f requently 
a»ociated  with  post-digestive  hvpersecretion.  Again,  we  mav  have  a  elean 
dipestion  associated  with  secretorv  variations,  or  these  variations  mav  be 
associated  with  ali  the  phenomena  of  intragastric  lesions,  pus,  blood,  mucus, 
j>acteria — neoplasm,  syphilis,  tuberculosis,  and  infective  gastritis.  Lesions 
in  the  gall-bladder,  appendix  and  other  parts  of  the  abdomen  may  alter 
the  secretion  through  the  vagus.  Cardiac  incompensiition  and  portal  hyper- 
tension  incident  to  hepatic  cirrhosis  mav  induce  secondary  gastritis  with 
niucus  and  secretory  alterations,.  etc. 

EXAMINATION  OF  THE  INTESTINES  AND  F/CCES. 

Only  the  lower  bowel  is  accessi])le  for  diroct  examination  of  its  interior. 
Inspection  with  the  aid  of  proctoscopes,  digital  examination  of  the  rectum, 
and  inflation  of  the  colonic  area  enable  us  to  investigate  at  least  a  part  of 
the  large  bowel  directly.  The  remainder  as  well  as  the  small  intestine 
eia  onljr  be  reekoned  with  through  the  abdominal  wall  by  inspection, 
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palpation,  percussion,  auscultation,  and  radioscopy.  On  the  other  hand,  a 
careful  exaniination  of  the  faeces  will  teli  us  much  as  to  function  of  the 
intestines  and  as  to  the  presence  of  abnormal  conditions. 

Inspection  as  applied  to  the  examination  of  the  intestines  inay  be, 
as  we  ha  ve  said,  direct  when  we  are  dealing  with  the  large  bowel;  the 
proctoscope  and  the  rcctal  tubes  allowing  inspection  of  the  mucous  mem- 
brane practically  to  the  splenic  flexure  of  the  colon.  The  tubes  or  specula 
comc  in  varying  sizes,  usually  four  in  a  set,  ranging  from  4  to  14  inches 
(14  to  35  cm.)  in  length  and  from  1  inch  diameter  in  the  short  speculum 
to  i  inch  diameter  in  the  longer.  They  are  provided  with  obturators. 
Their  use  is  associated  with  considerable  pain,  though  with  persistonce 
and  gentleness  most  patients  can  go  through  the  performance  without 
an  anicsthetic.  Warming  and  oiling  the  Instruments  thoroughly  will 
overcome  some  of  the  difficulties.  After  the  sphincter  muscle  of  the  anus 
has  bcen  stretched  and  dilatcd  the  discomfort  lessens.  Either  the  knec- 
chest  or  the  recumbent  posturc  \vith  the  knees  elevated  may  be  used. 
Too  much  elevation  of  the  lovvcr  part  of  the  body  will  naturally  by  gravitv 

send  the  bowel  a\vay 
from  the  examiner.  The 
electric  headlight  \viih 
reflector  facilitates  ex- 
amination.  Very  little 
trouble  is  experienced  in 
straightening  out  the 
sigmoid  flexure,  nor  do 
the  valves  of  the  rectum 
Fio.  90.— Rectoscopc.  interfere  with  the  prog- 

ress  of  the  speculum. 
It  is  common  to  find  that  the  bowel  dilates  perceptibly  with  air  when 
the  speculum  is  in  plače,  thus  materially  aiding  the  examination. 

In  the  more  modern  rectoscopes  and  sigmoidoscopes  the  distal  end  is 
so  arranged  that  air  can  be  forced  into  the  bovvcl  in  front  of  the  advancing 
tube.  A  glass  shield  near  the  distal  end  allo\vs  the  observer  to  look  into 
the  bovvel  and  at  the  same  time  kecps  in  the  injected  air  which  balloons 
the  bovvel  for  several  inches.  A  small  electric  light  arranged  in  front  of  the 
tube  gives  a  dear  view  of  the  mucous  membrane. 

Inspection  \vith  the  proctoscope  or  rectoscopc  may  show  us  first 
the  presence  of  scvbala,  beyond  reach  of  the  palpating  finger,  revealing 
themselves  often  as  hard,  adherent,  though  detachable,  masses  of  var}'- 
ing  size,  dark  in  color,  or  gray  if  covered  by  mucus,  and  usually  easily 
indented  or  broken  away  \vith  a  prol)e,  and  readily  diflferentiated  from 
polvpoid  and  other  grovvths;  second,  ulcerating  and  bleeding  points. 
dilated  venules,  fistulous  Communications,  thickening  and  reddening  of 
the  mucous  membrane  of  the  bowel;  general  reddening  of  the  whole  sur- 
face  in  colitis,  sho\ving  mucus,  glairv  or  dense  and  whitc  if  the  condition 
of  mucous  colitis  is  present,  and  often  in  large  amounts;  third,  polypoid 
growths,  malignant  growths  in  the  form  of  local  thickening,  stricture^. 
foreign  bodies,  ulcerating  tumor  masses;  fourth,  obstructions  outside  the 
bo\vel,  tumors  of  uterus,  ovary,  etc,  preventing  insertion  of  the  exainimng 
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tubes.  It  is  usuallv  considered  permissible  and  advisable  to  remove 
small  particles  of  suspicious  grovvths  for  microscopical  examination. 

Examination  of  the  bowel  by  means  of  bougies  may  at  times  help  in 
diagnosing  a  stricture,  particularly  if  the  feeling  of  distinct  resistancc  and 
the  sensation  of  passing  an  obstruction  can  be  apprcciated  repeatedly  at 
the  same  point  both  during  the  introduction  and  withdra\val  of  the  sound. 

Palpation  as  a  means  of  examination  in  regard  to  the  intestinc  has 
but  limited  direct  application,  namely,  the  examination  of  the  rectum 
by  the  finger,  or  if  the  sphincter  can  be  dilated  by  two  fingers  or  the  whole 
hand.  Examination  is  always  facilitated  by  a  previous  good  clearing  out 
of  the  lower  bowel.  The  forefinger  of  either  hand  may  be  used  and  various 
positions  employed.  The  examiner,  however,  reaches  a  higher  point  in 
the  bo\vcl  if  the  patient  lies  on  his  side  vvith  his  knees  drawn  up  to  a  mod- 
erate  extent.  In  this  posture  more  freedom  is  given  the  introduced  finger, 
and  the  rotation  of  the  hand  and  finger  in  exaniining  the  sidcs  and  front 
of  the  rectum  much  aided.    The  knee-chest  position  is  also  convenient. 

To  avoid  the  unpleasant  fecal  odor  it  is  advised  to  fill  the  space  be- 
tween  one's  nail  and  finger  with  a  little  moist  soap  and  to  follow  this  by  a 
free  greasing  of  the  finger  with  oil  or  vaseline.    A  finger  cot  can  be  used. 

After  inspecting  the  anus  and  neighborhood  for  fissures,  fistulae, 
hemorrhoids,  exuding  blood  or  pus,  etc,  the  finger  is  gently  inserted, 
overcoming  gradually  the  spasm  of  the  sphincter  which  always  occurs 
and  which  must  not  be  taken  for  a  stricture.  The  tight  grip  of  the  niuscle 
on  the  finger  relaxes  during  the  examination  and  gives  considenibly  more 
freedom  of  movement.  Examining  as  a  routine  the  prostate  and  bladdcr, 
or  the  uierus,  one  may  at  once  exclude  or  deterniine  conditions  afifecting 
those  organs;  then,  sweeping  around  to  either  side  one  feels  for  points  of 
tendemess,  irregularities  on  the  smooth  wall  of  the  bowel,  dihited  veins, 
fistulous  Communications,  polypi,  etc.  The  finger  is  then  turned  to\vard 
the  back  of  the  rectum.  The  position  and  condition  of  the  coccyx  should 
ahvavs  be  determined  during  any  rectal  examinatic)n.  Various  obstetrical. 
genito-urinarv,  and  gyniBcological  exaniinations  niav  be  made  by  way  of 
the  rectum.  The  fact  that  impacted  ureteral  calculi  can  at  times  be  per- 
eči ved  by  the  examining  finger  if  caught  in  the  bladder  wall  or  in  the 
neighborhood  of  the  pelvic  brim  nmst  be  nientioned.  Too  little  considera- 
tion  is  given  to  a  rectal  examination  in  appendicitis  and  appendicular 
complications.  An  appendix  abscess  exten(ling  do\vnward,  though  often 
painless,  is  frequently  associated  \vith  an  ex treme  tenderness  vvhen  touched 
by  the  examining  finger.  This  tenderness  is  usually  too  localized  to  be 
confused  with  anv  general  abdominal  distress,  and  ils  lii^h  position  to  the 
right  is  of  diagnostic  significance. 

The  examining  finger  has  first  1-1  i  iiiches  of  contracted  sphincter 
area  to  overcome.  A  slow  inserting  movement  dilates  the  nmscles  \vith- 
out  pain,  and  allows  the  examiner  and  patient  to  appreciate  localized 
tender  areas,  such  as  are  occasioned  by  fistuhe,  or  ulcerations  of  hemor- 
rhoidal  veins.  A  forcible  dilatation  would  readily,  by  the  pain  occasioned, 
prevent  the  disclosure  of  many  of  these  minor  conditions.  Beyond  the 
sphincters  the  finger  has  free  play  and  at  times  one  fails  to  touch  any 
part  of  the  bowel,  the  rectum  being  ballooned  by  flatus;   by  crooking  the 
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finger  one  touches  readily  the  rectal  wall.  It  is  at  times  possible  to  dis- 
tinguish  emptied  fallen  coils  of  small  intestines  in  the  pelvis  by  rectal 
examination;  such  a  condition  may  take  plače  when  a  complete  stricture 
has  occurred  high  up  in  the  small  intestine,  the  empty  tract  below  col- 
lapsing  and  descending. 

Indirectly  both  the  small  and  large  bowel  can  be  examined  through 
the  abdominal  wall  by  inspection  and  palpation.  Auscultation  has  but  a 
doubtful  bearing  on  abdominal  conditions;  even  marked  intestinal  dis- 
orders  may  yield  nothing  to  the  most  experienced.  On  the  other  hand, 
correct  interpretations  of  simple  existing  phenomena  may  give  most 
important  results.  Inspection  is  always  preferat)ly  perfonned  with  tho 
patient  lying  on  his  back,  with  his  knees  either  flexed  or  extended.  (See 
Methods  of  Physical  Diagnosis.) 

Examination  of  the  large  intestine  and  the  cffical  region  is  helped  by 
the  easily  applied  method  of  inflation.  Before  this  procedure  a  thorough 
purging  is  always  advisable.  The  soft  rubber  rectal  tubes,  i  to  ^  inch  in 
diameter,  with  two  or  more  lateral  openings,  and  connected  with  a  David- 
son  syringe  or  a  double  or  single  atomizer  bulb,  can  be  inserted  to  any 
distance  desired.  A  slow  twisting  insertion  will  quickly  put  the  openings 
above  the  anus  and  sphincters.  Since  the  sigmoid  flexure  is  the  most 
commonly  dilated  part  of  the  bowel,  inflation  should  begin  while  the  tube 
is  entering  the  flexure,  and  the  first  examination  directed  to  this  part. 
Unless  previously  distended  by  gas  or  continued  fecal  accumulations  the 
sigmoid  flexure  should  not  rise  easily  out  of  the  pelvis  during  inflation. 
Usually  when  a  point  half  way  between  the  groin  and  the  umbilicus  is 
reached  distinct  discomfort  is  felt  unless  relieved  by  passage  of  the  air 
upward.  In  many  instances  it  will  be  found  that  the  inflating  air  passes 
readily  bevond  the  sigmoid  and  shows  its  presence  in  the  descending  and 
trans  verse  coion.  It  is  now  generally  conceded  that  the  ileocsecal  val  ve 
allows  air  to  pass  during  the  process  of  inflation  and  its  passage  can  at 
times  be  heard  with  the  stethoscope  applied  in  the  right  iliac  fossa. 

To  further  inflate  the  colon  the  rectal  tube  may  be  passed  upward 
its  whole  length;  we  cannot  be  sure,  however,  that  it  will  pass  beyond 
the  splenic  flexure  nor  could  further  passage  be  expected.  Inflation  of 
the  transverse  and  ascending  colon  and  of  the  csecum  take  plače  quite 
readily  with  the  tube  in  this  locality.  The  pain  of  extreme  distention  will 
always  warn  the  operator  whcn  to  temporarily  moderate  the  air-pressure, 
which,  however,  is  usually  relieved  at  this  stage  by  the  passage  of  air 
upward  through  the  ileocjecal  valve.  Detaching  the  rectal  tube  from  the 
inflating  apparatus  allows  the  bowel  to  retum  to  its  normal  state,  by 
expelling  the  contained  air. 

Carefullv  applied  inflation  in  connection  with  inspection  and  palpa- 
tion may  give  important  results.  Idiopathic  dilatation  of  the  sigmoid 
flexure  can  be  readilv  differentiated  from  abdominal  distention  due  to 
other  causes,  the  sigmoid  clearly  outlining  itself  as  it  rises  from  and  descends 
again  into  the  left  iliac  fossa,  often  overlying  the  rest  of  the  abdominal 
contents  in  its  sweep  upward  and  to  the  right.  Tumore,  malignant  or 
other  strictures  of  the  bowel,  fecal  accumulations  may  be  brought  up  from 
the  pelvis  into  sight  and  touch.    The  position  of  the  colon  and  cscum  can 
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be  readily  outlined.  visibly  in  thin  subjects,  by  percussion  and  palpation 
in  those  stoutcr  and  more  muscular,  although  the  examiner  can  alway8  see 
that  inflation  is  going  on  by  the  puffing  up  of  the  various  regions.  One 
must  know  that  at  both  the  splenic  and  hepatic  flexure  the  bowel  will  be 
less  prominent  than  elsewhere.  The  same  pathological  conditions  men- 
tioned  in  connection  with  the  sigmoid  flexure  may  be  shown  in  the  colon. 
One  would  naturally  expect  that  complete  strictures  from  any  cause 
would  prevent  passage  of  air  upward  or  downward.  In  such  cases  the 
distention  and  condition  (muscular  hypertrophy,  visible  peristalsis)  above 
the  stricture  may  teli  us  as  much  or  more  than  inflation  from  below;  and 
further,  in  such  conditions  the  diagnosis  is  rarely  in  doubt.  Incomplete 
or  partial  strictures,  whose  symptoms  may  be  very  obscure,  are  at  times 
clearly  brought  out  by  the  rapid  inflation  from  below,  as  a  sudden  nar- 
rowing  above  the  dilated  lower  part. 

Easily  recognized  is  the  displacement  of  the  colon,  particularly  the 
transverse  colon  in  enteroptosis.  The  transverse  colon  may  lie  below 
the  umbilicus,  or  even  in  the  pelvis,  the  common  appearance  on  inflation 
being  a  shallow  V-shaped  protuberance,  the  arms  of  the  V  running  up  to 
the  liver  and  spleen.  The  relation  of  the  bowel  to  retroperitoneal  and 
other  tumors  is  more  easily  detcrmined  by  inflation  than  by  any  other 
means.  Inflation  of  the  bowel  above  the  ileocajcal  valve  doubtless  may  be 
of  value.  Its  application  has  given  but  uncertain  results.  Inflation  of 
the  bowel  as  a  test  for  pcrforation  is  now  universally  condemned.  Many 
cases  of  flatulence  supposedly  due  to  gastric  distention  can  be  found  to  be 
due  to  distention  of  the  colon.  Inflation  is  a  valuable  aid  in  the  differ- 
ential  diagnosis  of  these  conditions. 

R6xTGEN-RAY  ExAMiNATiON  OF  THE  Intestines. — Large  and  small 
aolid  tumors,  thickening  and  muscular  hypertrophy  can  at  times  be 
made  out  by  the  fluoroscope  or  in  skiagrams.  The  data  obtained  by  this 
method  are,  however,  usually  confirmative  of  facts  elicited  by  the  anam- 
nesis  and  the  above  described  methods.  Scvbalous  masscs  present  no 
difTerent  shadow  from  that  of  organic  disease.  Lining  the  intestine  by 
continuous  doses  of  bismuth  allows  the  coils  to  bc  readily  photographed, 
and  undor  this  condition  peristalsis  can  be  readily  observed  by  the  fluoro- 
scope and  the  rate  of  progress  of  fecal  matter  observed.  More  feasible 
and  of  distinct  value  in  recognizing  displacements  of  the  colon  is  the 
injection  of  suspensions  of  bismuth  in  large  quantities.  Very  serviceable 
photographs  can  be  secured  by  this  method.*  Localization  of  small  metallic 
or  other  solid  foreign  bodies  in  the  intestines  is  rcmarkably  facilitated  by 
the  X-rays. 

So-called  "test  lavage''  is  used  at  timos  to  bring  away  secretion  or 
material  from  the  large  bowel:  mucus,  blood,  ulcerating  fragments  of  new 
growths.  The  examination  of  the  sediment  of  such  washings  at  times 
gives  distinct  help.  It  can  only  be  8atisfactorily  performed  when  the  large 
bowel  has  been  previously  completely  emptied. 

It  has  been  suggested  that  dilatation  of  the  duodenum,  with  stricture 

boyond.  can  be  diagnosed  by  filling  the  stomach  and  duodenum  with  water 

through  a  stomach-tube.     Dulness  and  distention  to\vrtrd  or  in  the  right 

hypochondrium  and  the  fact  that  the  fluid  may  return  as  does  the  fluid 
15 
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from  an  hour-glass  stomach,  part  at  once  and  the  rest  a  few  minutes  later, 
is  considered  suggestive.  An  inflation  that  outlines  the  stomach  and 
produces  an  extra  prominence  in  the  right  hypoehondrium  would  be 
equally  suggestive. 

Fa&ces. — The  accurate  determination  of  many  points  with  regard  to  the 
fffices  is  difficult,  owlng  to  the  wide  variations  in  their  composition  and  to 
the  fact  that  the  establishment  of  a  normal  or  standard  bowel  movement 
requires  the  continued  administration  of  certain  standard  diets  for  several 
successive  days. 

Various  standard  diets  are  recommended,  the  simplest  being  milk, 
since  it  contains  fat,  proteids,  and  carbohydrates. 

1.  Milk,  8  oz.  every  two  hours  from  8  a. m.  to  10  p.m.,  amounting  to 
4  pints  in  the  twenty-four  hours. 

2.  That  of  Schmidt  is  more  complicated,  but  approaches  more  nearly 
a  general  diet: 

7.30  A.M.    Milk,  17i  oz.,  and  6  biscuits. 

9.00  A.M.     Gruel,  1}  oz.  oatmeal,  1  egg,  2  biscuits,  }  oz.  butter,  7  oz.  milk,  10}  oz. 

water. 
1.00  P.M.     Minced  beef,  4)  oz.  raw  weight,  light]y  fried  in  }  oz.  butter,  leaving  the 

interior  raw,  and  potato  pur^e — 7  oz.  mashed  potatoes,  7  oz.  milk, 

§  oz.  butter. 
4.30  P.M.     ^L*lk,  17i  oz. 
7.30  P.M.    Same  as  at  9  a.m. 

3.  A  "mixed  dief  is  more  liberal  and  better  borne,  but  the  neces- 
sary  cooking  makes  the  eventual  microscopical  examination  much  less 
8atisfactory  than  either  of  the  preceding: 

8.00  A.M.     10  oz.  hot  water. 

9.00  A.M.    3  oz.  fresh  fish,  4  biscuits,  i  oz.  butter,  10  oz.  tea,  2  oz.  milk. 
12.00  M.        10  oz.  hot  water. 

1.00  P.M.    3  oz.  mutton,  3  oz.  cabbage,  4  biscuits,  §  oz.  butter,  rice  pudding  ()  oz. 

rice  in  10  oz.  milk). 

4.30  P.M.     10  oz.  tea,  2  oz.  milk,  2  biscuits. 

6.00  P.M.     10  oz.  hot  water. 

7.00  P.M.    3  oz.  fresh  fish,  3  oz.  chicken,  3  oz.  spinach,  rice  pudding  (as  before),  2 

biscuits,  )  oz.  butter. 
10.00  P.M.     10  oz.  milk. 

4.  A  meat  diet:  }  Ib.  finely  minced  beef  every  three  hours  and  10  ounces 
hot  water  one  hour  before  meal-time.    It  contains  no  carbohydrates. 

The  first  dejecta  usually  appear  in  from  twenty-four  to  forty  hours 
after  the  standard  meal  has  been  given.  Radioscopic  examination  of  the 
intestine  and  the  passage  of  its  contents  show8  that  in  about  seven  hours 
the  ileocaecal  valve  has  been  reached  by  part  of  the  residue,  which  may 
now  remain  four  hours  in  the  colon,  three  hours  in  the  sigmoid  flexure  and 
rectum  before  being  expelled. 

Attempts  to  describe  bowel  movements  resulting  from  standard  diets 
have  been  made. 

1.  FiECEs  Resulting  from  Milk  Diet. 

Amount. — 

Quantity  of  milk  in  24  hn.  Fbom  excreted,  avenije  wei|^t  in  Om. 

4  pints  135.2  Gm. 

5  pints  151     Gm. 

6  pinta  198    Gm. 
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Color. — Yellow-white,  or  white  tinged  with  orange. 

Cansistencj/. — Not  well  formed,  tending  to  be  lumpv;  rolls  of  fecal 
matter  not  homogeneous  but  composed  of  lumps  welded  together,  or  firm 
sausage-shaped  masses  plus  soft  paste. 

Odor. — Not  offensive;  more  like  stale  cheese  than  faeces. 

If  constipation  exists,  a  tendency  to  isolated  scybala  of  pale  coloi  is 
aeen,  often  firm,  hard,  and  dry  enough  to  rattle  in  the  vessel,  and  to  break 
up  like  dry  clay,  with  an  earthy  odor. 

With  diarrhoea  a  milk  diet  gives  fseces  resembling  Devonshire  cream — 
stickyy  but  eapable  of  being  poured  from  one  vessel  to  another.  Gas  bubbles 
and  froth  are  seen  on  shaking,  and  the  odor  is  that  of  decomposed  cheese 
or  putrid  proteid. 

Caseous  flocculi,  the  evidences  of  disturbed  digestion,  are  readily 
recognized  as  bright  white,  small,  fibrillary-looking,  friable  masses. 

2.  FiECES  Resulting  from  the  Schmidt  Diet. 

AmourU. — Smaller  than  that  from  the  milk  diet.     Average  90  Gm. 

Cdor, — Light  brownish-yellow,  darker  on  the  outside  than  inside. 

Cansi8tency. — Well  formed  rolls  or  sausage-shaped  masses,  as  a  rule. 
These  readily  break  up  on  drying. 

Odor. — Distinctly  fecal. 

In  constipation  on  a  Schmidt  diet  lumps  of  fecal  matter  are  massed 
together,  or  isolated  scybala  are  seen. 

In  diarrhoea  on  this  diet  the  faeces  resemble  closely  those  of  a  patient 
on  a  milk  diet. 

3.  F-ECEs  Resulting  from  a  Mixed  Diet. 
Amount. — Average  102  Gm. 

Color.  —  Nut-brown,  olive-green  (chlorophyll  of  vegetables),  varles 
much  from  day  to  day. 

Connstencr/  and  Farm. — Usually  large,  firm,  roU  or  sausage-like  motions. 
On  drying  break  up  easily. 

Odor. — Fecal. 

In  constipation  the  faeces  of  a  mixed  diet  are  usually  dark  brown  or 
black  scybala  with  pressure  facets  and  mucus  in  the  crevices.  They  may 
be  of  Btony  hardness  and  not  offensive. 

In  diarrhoea  the  motions  are  dark  brown  or  nearly  black,  of  thick 
8ticky  or  pasty  consistence  with  small  scybala.  Soft  movements  in  general 
from  a  mixed  diet  have  most  offensive  odors.  An  increase  of  the  quantity 
of  milk  in  mixed  diets  makes  the  stools  paler  and  less  firm. 

4.  Meat  Diet. 
Amount. — Average  54  Gm. 
Color. — Dark  brown  to  black. 

Consistency  and  Form. — Firm  rolls,  2  to  3  inches  in  length. 

Odor. — Fecal  but  very  offensive. 

Variations  in  con8istency  and  form,  in  odor,  and  in  color  naturally 
depend  on  local  conditions  and  the  time  the  fecal  material  is  retained  in 
the  large  bowel.  The  amount  is  important,  but  several  days  are  required 
to  get  the  proper  average.  The  formation  of  8cybala,  according  to  these 
results,  may  take  plače  in  a  very  few  day8. 
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The  fsBces  are  composed  of : 

1.  Food  remains. 

(a)  Indigestible  remnants. 

(b)  Digestible  but  not  absorbed  remains. 

2.  The  remains  of  the  digestive  secretion. 

3.  Products  resulting  from  the  digestion  of  food  in  the  intestinal  canal. 

4.  Formed  and  unformed  products  of  the  intestinal  mucosa. 

5.  Bacteria. 

6.  Various  substances  introduced  aecidentally  from  without;  various 
concrements,  gall-stones,  intestinal  stones.  parasites,  cotton,  wool,  or  linen 
fibres. 

The  faeces  are  collected  in  a  bed-pan  or  any  large  clean  vessel. 

In  the  study  of  any  question  of  absorption  or  excretion  the  rule  is 
to  plače  the  patient  on  one  of  the  standard  diets  for  at  least  four  davs 
before  beginning  any  estimation.  The  administration  of  some  coloring 
matter  such  as  charcoal  or  carmine  with  the  first  meals  of  the  standard 
diet  will  render  easy  the  recognition  of  their  first  dejecta. 

The  faeces  are  to  be  examined  macroscopically,  microscopically,  and 
chemically. 

Fermentatlon. — Normal  firm  bowel  movements  will  usually  dry  with- 
out  appreciable  gas  formation,  and  even  semisolid  or  pultaceous  stools  ordi- 
narily  produce  only  a  small  amount.  A  stool  which  on  standing  show8 
evidence  of  fermentation  by  the  production  of  gas  bubbles  or  a  distinct 
frothy  layer,  or  gas  bubbles  in  such  abundance  as  to  give  a  pale  appearance 
to  a  more  or  less  solid  stool,  should  be  considered  pathological  and  examined 
for  fermentable  products — carbohydrates. 

Excess  of  neutral  fat  in  the  stools  can  be  readily  notcd.  The  normal 
bowel  movement  leaves  no  greasy  mark  upon  a  vessel  containing  it.  Neu- 
tral fat  will  show  itself  in  the  gross  examination  either  as  a  very  pale,  white, 
distinctly  greasy  bowel  movement,  or  if  the  stool  be  liquid  the  fat  may 
rise  to  the  top,  forming  the  characteristic  appearance  of  melted  fat,  and  on 
cooling  may  partially  or  completely  solidifv.  The  soaps  in  ordinar}*-  amounts 
and  the  fatty  acids  are  not  macroscopically  recognizable. 

Excess  of  proteids  in  the  faeces,  when  in  the  form  of  meat,  can  often 
be  recognized  by  the  appearance  of  numerous  reddish  points  throughout 
the  bowel  movement.  One  must  be  certain  that  other  coloring  or  colored 
matters  have  not  been  ingested.  Casein  shows  itself  as  the  familiar  white 
flocculi,  easily  disintegrated,  much  denser  white  than  mucus.  Undissolved 
connective  tissue  has  the  appearance  of  fine  cotton-wool  fibres  and  can  be 
removed  for  further  examination.  Other  substances  to  be  considered  in 
the  gross  examination  are  mucus,  blood,  pus,  foreign  bodies,  and  parasites. 
Small  amounts  of  mucus  are  always  present,  but  require  search  to  demon- 
strate  their  presenee.  A  constipated  stool  often  shows  flakes  of  dense 
white  mucus  in  the  interstices  of  the  firm  masses,  or  mucus  may  follow  the 
movement. 

Brownish,  gelatinous-looking  mucus,  colored  by  the  bile  pigments, 
usually  comes  from  the  small  intestine;  colorless  mucus  and  that  appear- 
ing  as  denser,  whiter  masses  and  flakes,  from  the  colon.  Tubular  masBes 
from  the  large  intestine,  sometimes  many  centimetres  in  lengthf  are  aeen 
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in  membranous  colitis.  Floating  or  softening  these  masses  or  strands 
in  water  will  usually  determine  their  character.  Unformed  mucus,  par- 
ticularly  in  liquid  stools,  sometimcs  on  standing  accumulates  in  masses 
as  large  as  a  hen'8  egg. 

Fresh  blood  can  be  easily  recognized.  Unless  quickly  voided,  blood 
in  the  intestines  becomes  black  and  small  amounts  do  not  show  in  the 
stools.  Large  amounts  appear  as  "tarry  stools" — large  black  masses, 
dots  too  large  to  be  broken  up  or  absorbed. 

Pus  is  usually  quickly  disintcgrated.  Fresh  pus  which  retains  its 
appearance  is  praetically  always  from  the  sigmoid  or  rectum. 

Parasites  are  described  in  another  section.  Many  food  remains  are 
detected  at  a  glance:  fruit  stones  and  seeds,  skin  of  fruit,  vegetables,  food 
pulp  of  oranges,  grape  fruit,  lemons,  large  masses  of  connective  tissue, 
bones,  etc. 

For  the  more  careful  examination  various  simple  plans  are  recom- 
mended.  In  examining  the  whole  quantity  of  faBces  an  ordinary  fine  sieve 
on  whieh  running  water  can  play  enables  one  to  coUect  the  larger  foreign 
bodies  and  solid  material;  or  the  fseces  are  placed  in  a  large  vessel  with 
water  and  thoroughly  broken  up.  Mucus,  woody  fibres,  smaller  seeds,  and 
bacteria  float  and  can  be  removed  by  pouring  off  after  settling.  By  repeat- 
ing  the  process  several  times  a  residue  of  solid  matter,  deodorized  and 
decolorized,  is  obtained.  Gall-stones,  pancreatic  calculi,  muscle  fibres, 
connective  tissue,  casein,  parasites,  are  easily  looked  for  in  this  way. 

Spreading  the  fseces  on  a  glass  plate  with  a  dark  background  facilitates 
the  examinatlon.  Pieces  of  connective  tissue,  muscle  fibres,  casein,  foreign 
bodies,  or  anything  differing  from  the  homogeneous  fecal  matter  may  be 
readily  found  in  this  way. 

MiCROSCOPiCAL  ExAMiNATioN. — MixED  DiET. — A  small  piece  of  fecal 
matter  can  be  taken  from  the  stool  after  it  has  been  mixed  in  a  mortar  or 
a  vessel,  or  several  loopsful  of  a  liquid  stool  can  be  smeared  on  a  slide. 
A  cover-glass  is  preferable  if  high  power  is  used.  For  a  low-power  exami- 
nation  a  glass  3  or  4  inches  square  on  which  a  comparativelv  large  amount 
of  fajces  has  been  thinly  spread,  can  be  placed  on  the  stage  of  the  microscope. 
A  large  area  can  be  quickly  gone  over  in  this  way. 

Masses  of  mucus,  blood,  or  pus,  meat  fibres,  etc,  should  be  picked  oflf 
for  separate  examination  before  mixing  the  fecal  material.  Schmidt 
recommends  taking  three  separate  specimens  of  softened  fajces.  No.  1  is 
examined  direct.  In  it  we  can  note  much  fibre,  colorless  soaps,  neutral 
fat  if  present,  small  and  large  yellow  salts  of  caloium.  No.  2  is  stirred 
with  a  small  drop  of  30  per  cent.  acetic  acid  heated  for  a  moment  until 
it  begins  to  boil,  then  coverecl  with  a  cover-glass.  After  cooling,  small 
flakes  of  fatty  acids  appear.  The  soap  flakes  and  calcium  salts  will  have 
disappea-red.  No.  3  is  rubbed  up  with  a  drop  of  LugoFs  solution.  Under 
the  microscope  unaltered  starch  will  assume  a  violet  color. 

Since  85  per  cent.  or  more  of  the  food  is  digested  and  absorbed,  and 
since  of  the  remainder  a  portion  is  in  the  shape  of  products — albumoses, 
fatty  acid,  soaps,  dextrin,  etc  little  unaltered  food  is  present  in  the  speci- 
men.  Ea8ily  recognized  are  the  bacteria  which  mako  up  practically  one- 
third  of  the  dry  substance  of  the  stool.    Acid-fast  bacilli  may  be  tubercle 
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or  smegma  bacilli.  Leptothrix  threads  are  easily  recognized.  Epithelial 
cells  in  considerable  numbers  are  always  present.  They  are  usually  of  the 
smaller  round  type,  and  show  evidences  of  digestion  or  disintegration. 
No  deduction  can  be  drawn  from  their  number  or  form  as  to  conditions  in 
the  bowel.  Squamous  epithelia  from  the  mouth  or  from  the  food  are 
occasionally  seen.  Structureless  or  faintly  striated  mucus  in  small  amounts, 
bile-stained  if  from  parts  high  up,  pale  if  from  lower  down,  may,  by  the 
number  of  leucocytes  or  epithelial  cells  entangled  in  it,  give  evidence  of 
catarrhal  conditions  of  the  bowels.  Mucus  is  less  dense,  less  sharp  in  outline 
than  connective  tissue;  acetic  a(ud  causes  it  to  8how  faint  striations.  A 
few  leucocytes  are  always  present. 

Food  Remains.  —  Undigestible  remnants  of  any  kind  may  appear. 
Many  of  them  are  recognizable  macroscopically.  The  framework  of  vege- 
tables  gives  most  varied  pictures.  Many  of  the  structures  suggest  parasites 
and  have  frequently  been  mistaken  for  them.  Remnants  of  undigested 
starch  may  be  suspected  by  their  pallid  color  and  their  cellular  envelope. 
It  .is  well  to  stain  suspicious  specimens  with  iodine  and  look  for  the  blue 
stained  masses;  to  judge  whether  starch  is  being  excreted  in  excess  is  not 
ea8y  with  the  microscope;  the  fermentation  test  is  the  more  accurate 
method. 

Two  or  three  small  meat  fibres  in  a  field,  showing  very  dim  or  no  stria- 
tion,  and  \vith  no  remnants  of  nuclei,  may  be  considered  normal  in  patients 
on  a  mixed  diet.  Retention  of  the  striation,  persistence  of  the  nuclei  in 
good  condition,  and  presence  of  meat  fibres  in  numbers  suggest  disturbance 
of  intestinal  digestion,  particularly  that  part  related  to  the  *pancreas.  It 
is  not  likely  that  anacidity  of  the  gastric  juice  will  show  the  same  condition. 
Specimens  from  faeces  of  patients  with  pancreatic  derangements  may  8how 
meat  fibres  in  such  numbers  that  counting  them  in  one  field  may  be  difficult 
or  impossible.  Some  cases  show  excess  of  meat  fibres  in  the  stools  if  over 
60  grammes  of  meat  are  taken  per  day. 

Schmidt*8  Nudetis  Test  for  Pancreatic  Disease  or  Tmpairment  of  Pan- 
creatic Function. — The  disintegration  or  non-disintegration  of  the  meat 
fibre  nuclei  in  the  centre  of  small  balls  of  meat  of  standard  size — i  to  J  inch 
in  diameter — kept  together  by  non-digestible  netting  and  given  in  the  food, 
cannot  be  said  to  be  positive  enough  for  any  certain  deductions  to  be  made. 
We  can  only  say  that  if  aH  the  nuclei,  even  those  on  the  outside  of  the  balls, 
are  found  unaffected  by  digestion,  pancreatic  insufficiency  is  suggested. 
Connective  tissue  and  elastic  tissue  are  constantly  present  on  a  mixed  diet, 
though  in  very  small  amounts.  They  are  readily  recognized  by  their  dense 
and  fibrillated  appearance.  Gastric  juice  readily  digests  connective  tissue, 
and  its  persistent  presence  in  large  quantity  must  be  taken  as  pointing  to 
impaired  gastric  digestion.  A  few  fat  drops  may  be  found  on  a  mixed  or 
meat  diet,  but  more  than  eight  to  ten  fat  drops  in  a  single  field  should 
attract  attention.  This  neutral  fat  is  easily  seen  as  yellowish,  oily  looking 
drops  of  varying  size  and  shape.  Constant  presence  of  the  flakes  of  the 
•'higher  melting  point"  fat,  and  the  flaky  needle-like  crystal8  of  the  fatty 
adds,  or  of  the  flake  or  disk  crystals  of  the  soaps,  is  to  be  considered  as 
abnormal.  Gentle  heating  of  the  slide  will  dissolve  the  cryBtal8  and  flakes 
of  the  fatty  acid  and  aoap.    Triple  phosphate  cry8tal8,  colorlefls  and  of 
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characteristic  shape,  neutral  phosphate  of  lime  cry3tals,  colorleas,  or  the 
yellow  calcium  salts  (sometimes  bile  stained)  are  comnioQly  found.  Oxal- 
ate  of  lime  cry8tals  are  usual  in  a  mixed  diet.  Their  presence  in  the  fiecea 
wheD  no  vegetables  are  being  eaten  is  said  to  indicate  some  intestinal 
disorder.  Cholesterin  cryatals,  Charcot-Leyden  crystals,  especially  if  much 
mucin  is  present,  are  both  found  in  the  faeces.  Very  frequently  present  are 
the  so-called  "yellow  bodies":  large  lumps  of  bright  yelIow  material, 
structureless,  oCten  surrounded  by  mucus,  and  recognized  macroscopically. 
They  give  a  proteid  reaction.  They  are  considered  to  be  albumin,  bile 
Btained,  and,  when  in  great  amount  together  with  much  mucus,  indicate 
some  disturbance  of  proteid  digestion. 

Casein  flocculi  are  eeen  microscopically  as  almoat  structureleas 
masses,    finely    fibrillated    and    enclosing   fat   dropleta    in   their   meshes. 

Hairs,  cotton  and  linen  fibres,  are  common  in  the  stools,  being 
takeo  in  with  the  food  in  large  numbers. 

Chemical  Examination.— In  health 
the  fffices  have  a  neutral  or  faintly  alka- 
line  reaction.  On  atanding  this  becomea 
faintly  acid.  Stools  with  exce8S  of  car- 
bohydrates  ferment  and  give  a  strong 
acid  reaction.  Excess  of  fat,  fatty  acid, 
gives  faintly  acid  stools.  Decomposition 
of  excess  of  proteid  matter  produces  an 
stkaline  reaction.  A  mixed  diet  in  health 
criuses  neutral  fieces;  a  pure  proteid  diet 
producea  alkaline  ffficea;  a  pure  carbo- 
Iiydrate  diet  producea  acid  fffices;  a  diet 
of  fats  produces  acid  fffices.   OnIy  freshly 

paaaed  fseces  can  be  used  in  testing.    A      ""  .iTOrB."!^'««!— Em^D,         ""■ 

markedly  acid   reaction   in  fresh  fiecea 

suggests  fermentative  changes  from  undigested  carbohvdrates.  "  Acid 
diarrhoeas,"  so-called,  may  be  aaoociated  with  hyperacidity  of  the  stomach 
and  inaufEciency  of  the  biliary  and  pancreatic  secretion. 

The  test  for  hydrobili rubin  or  the  bile  products  is  important,  since  they 
may  be  present  in  colorleas  stools.  The  iatces  are  stirred  up  with  a  concen- 
trated  aolutioo  of  mercuric  chloride;  normal  fiecea  are  colored  red;  fseces 
containing  unchanged  bilirubin  become  green,  The  pale  atool  of  the  leuco- 
hydro bilirubin  gives  the  red  reaction.  Abaence  of  the  red  or  green  coloring 
is  seen  in  fatty  stools  with  complete  acholia. 

CoMPoaiTioN. — From  74  to  84  per  cent,  of  the  fieces  is  water;  16-26 
per  cent.  is  dry  substance.  Of  the  dry  substance  10-20  per  cent,  can  be 
extracted  with  ether,  i.r.,  are  fats.  Over  90  per  cent.  of  fats  takcn  in  are 
abaorbed. 

FaU. — Qualitative  teats  only  can  be  considered.  The  fats  are  readily 
detected  macroscopically  and  micro3copically.  They  are  exereted  as 
neutral  fata,  soapa,  and  fatty  acids.  These  have  been  describetl.  Crystala 
and  flakea  melt  readily.  Extracting  a  small  mass  of  fa^cea  with  ether  and 
pouring  the  ether  through  a  piece  of  filter  paper  will,  if  fats  are  in  exceas, 
give  the  characteristic  appearancc  of  oil  on  the  paper. 
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From  2  to  6  per  cent.  of  the  dry  substance  is  carbohydrate,  usuaHv 
dextrin.  Tincture  of  iodine  or  LugoFs  solution  will  stain  unaltered  starch 
blue;  dextrin  remains  red.  There  is  no  reaction  for  sugar.  Fermentation 
is  the  simplest  test  for  excess  of  carbohydrate  or  carbohydrate  residue. 
Schmidt*s  fermentation  tube  may  be  employed  or  one  may  note  carefully 
the  presence  of  gas  formation  in  the  freshly  passed  stool. 

Proteids. — More  than  85  per  cent.  of  proteids  taken  into  the  bodv  are 
absorbed.  The  proteid  residue  in  health  is  partly  from  the  food,  partly 
from  the  disintegration  of  proteids  of  the  body — leucin,  tyrosin,  indol, 
skatol,  mucin,  nuclein.  Albumin  and  globulins,  and  their  transformative 
products,  albumoses,  peptones,  are  not  found  normally.  Their  presence  in 
the  stools  means  either  insufficient  proteid  digestion  and  absorption,  or  that 
the  "  postdigestive  putrefaction'*  in  the  large  intestine  has  not  had  time  to 
take  plače.  The  simple  tests  for  albumin  and  albumose  can  be  applied  aftcr 
dissolving,  mixing  a  small  amount  of  fecal  material  in  water,  and  filtering. 
Any  inflammatory  condition  of  the  lower  bowel  will  yield  albumin  in  the 
fffices.  Serous  exudation  higher  up  may  undergo  the  natural  digestive  proc- 
esses.  Persistent  intense  diarrhoea,  choleraic  diarrhoea,  can  hurry  materials 
through  before  digestion  of  albumin  or  albumoses  has  progressed,  and  faeces 
from  these  conditions  may  give  albumin  reactions  from  food  taken  or  from 
serous  exudation  into  the  bowel  as  in  typhoid  fever,  cholera,  or  dysentery. 

"Total  nitrogen"  estimations  are  necessary  to  determine  the  relation 
of  proteid  output  and  intake.  As  of  the  fats  and  carbohydrates  one  can 
say  of  the  proteids — for  clinical  purposes  macro-  and  microscopical  exami- 
nations  yield  more  useful  information. 

Digestive  ferments  are  not  found.  The  pigmentary  remains  of  the  bile 
have  been  spoken  of.  Mention  has  been  made  of  the  various  salts  and  cr}'s- 
tals,  phosphates,  oxalates,  cholesterin,  etc,  visible  microscopically,  remains 
of  food  digested,  or  of  digestive  procedure.  Chemical  tests  show  presence  of 
bile  saltS;  bile  acids,  leucin,  tyrosin,  xanthin,  carnin,  and  proteid  derivatives. 

Occult  Blood. — ^The  most  important  chemical  examination  for  practical 
purposes.  Teichman^s  acid-haemin  test  may  be  used,  but  others  are  simpler 
and  more  certain.  They  aH  depend  upon  altered  hsmoglobin  reactions. 
No  examination  of  faeces  can  be  considered  complete  unless  a  blood  test 
has  been  made;  since  occult  bleeding  may  go  on  indefinitely  with  no  gross 
signs  of  blood  in  the  faeces  and  no  blood-corpuscles  to  be  seen  microscopi- 
callv.  Ali  bleeding  from  the  noše,  gums,  phar\'nx,  lungs,  and  vagina  must 
be  excluded.  No  meat  can  be  taken  during  the  days  on  which  the  fa?ces 
are  tested.  It  is  best  to  wait  for  forty-eight  hours  or  to  mark  a  food  period 
by  giving  charcoal,  lycopodium,  or  carmine. 

To  perform  the  test  we  must  first  remove  gross  fat  by  shaking  with 
ether;  otherwise  the  final  ether  extract  may  be  clouded.  This  is  poured 
away  and  the  residue  is  used.  10  c.c.  of  fluid  faeces  or  5  c.c.  of  solid  fa^ces, 
broken  up  in  5  c.c.  water,  are  treated  with  3  c.c.  glacial  acetic  acid,  thor- 
oughly  mixed  and  shaken.  This  dissolves  reil  blood-cells  and  sets  free 
hemoglobin  or  makes  acid  hsematin.  After  standing  a  few  minutes  exce8s 
of  ether.  20-30  c.c,  is  added  and  the  mixture  vigorously  shaken  and  then 
allowed  to  separate.  The  overl>nng  ether  is  poureil  off  and  the  tests  made 
with  it  as  follows 
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Turpentine^uaiac  Test, — To  a  few  cubic  centimetres  of  the  above 
ethereal  extract  previously  treated  with  a  little  alcohol  are  added  10  drops 
of  fre8hly  made  guaiac  tincture  and  30  drops  of  turpentine.  In  the 
presence  of  blood  pigment  a  distinetly  blue  color  occurs.  Sources  of  error 
are  the  recent  eating  of  potatoes  or  other  starchy  food,  iron  as  a  medicine, 
or  the  presence  of  bile,  šaliva,  milk,  pus  in  considerable  quantities,  and 
urobilin.    The  reaction  may  fail  in  the  presence  of  minute  traces  of  blood. 

Aloin  Test, — Klinge  and  Shaer. — ^This  test  is  extremely  delicate.  Foods 
containing  haemoglobin  and  ali  vegetables  and  drugs  must  be  avoided  for 
several  days.  The  diet  period  must  be  determined  by  charcoal  or  lycopo- 
dium,  not  carmine.  From  1  to  1.5  c.c.  of  turpentine  are  superimposed  and 
then  0.5  c.c.  of  freshly  made  3  per  cent.  aloin  solution.  The  reaction  con- 
sists  in  the  rapid  development  at  the  line  of  contact  of  a  bright  rose-red 
color.    In  a  doubtful  čase  both  these  tests  may  be  used. 

Renzidin  Test, — Schlesinger  and  HolVs  Modification, — 1.  Concentrated 
Benzidin  Solution:  as  much  benzidin  (Merck^s  benzidin  puriss.)  as  will  go 
on  tip  of  table  knife  in  2  c.c.  of  glacial  acetic  acid;  shake  lightly.  2.  Piece 
of  fseces  the  size  of  a  pea  (or  several  c.c.  of  a  distilled-water  extract)  sus- 
pended  in  one-fifth  of  a  test-tube  of  water;  close  with  cotton  and  boil. 
3,  Ten  to  twelve  drops  of  benzidin  solution  put  in  test-tube  and  2-2.5  c.c. 
of  hydrogen  peroxide  (3  per  cent.)  added.  To  this  add  1-3  drops  of  boiled 
faeces  aft^r  mixing  the  latter  by  slightly  shaking.  Green  to  blue  color  is 
positive  and  appears  in  two  minutes  in  a  blood  mixture  of  1-200,000 
strength;  hence  this  test  is  5-10  times  as  delicate  as  other  tests. 

In  ulcerating  carcinoma  ventriculi,  occult  blood  is  continually  presont 
in  the  stools;  in  ulcus  ventriculi  there  are  intervals  in  which  no  occult 
blood  can  be  detected;  in  intestinal  tuberculosis  it  is  absent;  in  enteric 
fever  it  may  occur  in  the  absence  of  gross  hemorrhage  or  may  antedate  the 
latter  by  twenty-four  or  forty-eight  hours. 


IV. 

THE   EKAMINATION   OF  THE   UPPER  AIR-PASSAGES  AND 

THE   EAR. 

RHINOSCOPY.     LARYNGOSCOPY.    OTOSCOPV. 

General  Considerations. — Local  affections  of  the  nošo,  throat,  or  ears 
mav  give  rise  either  to  local  or  constitutional  svmptoms,  \vhile  constitu- 
tional  diseases  frequently  produce  local  manifestations.  For  this  reason 
dexterity  in  the  use  of  the  mechanical  means  by  which  we  are  cnabled  to 
distinguish  between  the  manifestations  of  local  and  constitutional  diseases, 
as  observed  in  these  organs,  is  of  no  less  importance  to  the  general  clinician 
than  to  the  specialist. 

The  Instruments  employed  in  a  simple  examination  of  the  nošo,  throat, 
larynx,  or  ear  are  a  head  mirror  for  reflection  of  light,  tongue  depressor, 
laryngeal  mirror,  and  nasal  and  aural  spocula.  Thev  are  of  varied  designs. 
but  any  instrument  to  which  the  physician  has  become  accustomed  will 
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usually  meet  the  requirements  of  ordinary  cases.  Of  far  greater  importance 
than  the  instrument  to  be  employed  is  its  eareful  manipulation.  Every 
instrument  must  be  carefully  cleansed  in  the  presence  of  the  patient,  both 
before  and  after  using.  The  speculum  should  be  8lightly  warmed  over  a 
špirit  flame  oT  gas  burner  before  introduction  into  the  noše  or  ear. 

Either  natural  or  artificial  light,  if  sufficiently  strong,  can  be  con- 
densed  and  reflected  by  the  mirror  to  the  point  or  area  to  be  examined, 
and  the  source  of  the  light  may  be  either  to  the  right  or  left  of  the  patient. 

The  Examination  of  the  Noše. 

Anterior  Rhinoscopy. — Excoriations  around  the  margin  of  the  nares 
are  usually  produced  by  acrid  secretions,  exce8sively  acid  or  alkaline,  which 
occur  in  the  course  of  various  infectious  diseases,  colds,  nasal  hydrorrhoea, 
8yphilis,  etc.  Rhinoscopy  has  to  do  with  the  examination  of  the  interior 
of  the  noše,  for  which  purpose  it  is  necessary  to  dilate  the  nostrils,  one  at  a 
time,  with  a  bivalve  speculum,  using  čare  to  avoid  injury  to  the  mucous 
membrane  or  unnecessarily  annoy  the  patient  by  overdistention. 

Structures  Observed. — Under  normal  conditions,  the  patient  sitting 
erect  before  the  operator,  \vith  the  head  tilted  slightly  backward,  the  dis- 
tended  alae  should  present  clearly  to  view  the  lower  turbinates,  the  middle 
and  lower  meati  on  the  outer  walls,  the  area  opposite  to  these  on  the  septum, 
and  the  floor.  This  constitutes  about  the  lower  third  or  respiratory  portion 
of  the  nares.  The  area  j  ust  within  the  nares  on  the  lower  anterior  margin 
of  the  septum  should  be  especially  examined  as  the  most  frequent  location 
of  the  source  of  hemorrhage. 

Tilting  the  patient^s  head  backward  brings  into  view  the  upper  or 
olfactory  portion  of  the  nostrils,  the  middle  turbinate  and  superior  meatus, 
rarely  a  small  portion  of  the  superior  turbinate — the  close  proximity  of  the 
septum  and  outer  wall  preventing  an  exposed  view  of  the  ethmoid  and 
sphenoid  area,  superior  turbinate  and  points  of  entrance  to  the  frontal 
sinus.  It  is  this  space  that  we  frequently  find  bathed  in  pus  in  the  čase  of 
purulent  sinusitis,  ethmoiditis,  or  antrum  disease.  As  a  rule,  an  accumu- 
lation  of  pus  above  the  middle  turbinate  is  an  indication  of  disease  of  the 
ethmoid  or  frontal  sinus,  while  if  pus  collects  beneath  the  middle  turbinate 
its  source  is  probably  from  the  antrum  of  Highmore.  In  čase  the  wholc 
naris  is  bathed  in  the  purulent  secretion,  first  cleanse  the  nostril,  then  have 
the  patient  lean  forward  or  tum  the  head  well  toward  the  side  involved 
in  order  to  favor  the  discharge  of  fresh  pus  and  determine  its  origin  more 
clearly.  Nasal  polypi  most  frequently  originate  in  this  part  of  the  nares, 
at  the  marginal  mucosa  of  a  turbinate  which  has  undergone  mucoid  degen- 
eration  from  necrotic  tissue  in  the  ethmoid  cells;  less  often  from  the  sphe- 
noid sinus,  which  lies  slightly  below  and  posterior  to  the  ethmoid  cells. 
Beneath  the  middle  turbinate  is  tKe  only  natural  opening  into  the  antrum 
of  Highmore — the  ostium  mazillare — which,  however,  in  many  cases  is  so 
obscure  as  to  be  found  vvith  difficulty  even  by  experienced  rhinologists. 
Occasionally  tvvo  or  more  openings  enter  the  antrum  at  variable  points, 
even  as  high  as  the  floor  of  the  orbit.  The  inferior  meatus  is  important 
for  two  reasons:  first,  it  is  beneath  the  lower  turbinate  that  we  find  the 
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oasal  opening  of  the  lachrymal  duct,  which  may  become  occluded  from 
either  an  acute  or  chronic  enlargemeat  of  the  turbinate;  second,  because 
of  the  thinneas  of  the  bony  wall  dividing  the  narea  from  the  antrum  of 
Highmore,  through  which  a  cannula  may  be  easilv  introduced  for  diag- 
nostic  purposes  in  suspected  punilent  infection  of  the  sinus. 

If  on  first  looking  into  the  noše  the  view  ia  obstructed  by  an  intnmea- 
cent  condition  of  the  membrane,  which  is  found  in  nearly  every  local  con- 
gestion,  whether  active  or  pa^sive,  the  difficiilty  of  obtaining  a  sati8factory 
view  will  be  greatly  obviated  by  the  introduction  of  a  small  pledget  of 
cotton  dipped  into  a  solution  of  cocaine  and  camphor,  each  two  grains  to 
the  ounce  of  Iiqmd  albolene.  The  objection  to  the  adrenalin  preparations 
in  examination  is  threefold:  first,  it  frcquently  acts  as  an  irritant,  throw- 
ing  the  patient  into  a  violent  state  of  sneezing;    second,  by  the  intense 


bleaching  of  the  membrane;  and,  thirdly,  becaiise  of  the  aggravated  con- 
gestion  which  foUow3  its  use.  Ali  the  acce8sory  cavities  herein  referred 
to  are  in  direct  communication  with  the  nnres;  each  sinus  or  celi  is  lined 
by  mucoiis  membrane,  somewhat  modified  in  character  from  that  in  the 
nasal  chambers,  and  any  inflammatory  proeess  in  one  cavity  may  cause 
more  or  less  irritation  in  one  or  al!  of  the  others. 

Posterior  Rhino5copy. — To  exaniine  the  nasopharynx  there  are  needed 
a  head  mirror,  tongue  depresaor,  and  rhinoscopic  niirror.  Some  pcrsons 
are  able  to  depress  their  tonguea  by  voIuntaiy  niuscidar  effort,  in  which 
čase  the  depressor  is  not  needed.  There  is  aiso  a  grcat  difference  in  the 
ability  of  individunls  to  relax  the  soft  pulate  at  will,  thns  allon-ing  an 
unob8tructe<l  vision  in  the  mirror  of  the  vault  of  the  pharynx  and  the 
poflterior  nares.  The  proeess  of  siich  examinations  will  often  require  great 
patience  if  the  pharynx  be  hyper3ensitive,  siiice  the  slightest  touch  with 
the  mirror  may  prodiice  gagging. 

Let  the  patient  sit  comfortablv  in  tlie  chair  an<l  assure  him  that  there 
wiU  be  nothing  connected  with  the  examination  to  cause  either  pain  or 
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discomfort.  There  is  a  general  tendency  to  hold  the  breath  and  strain  on 
the  pharyngeal  muscles.  To  obviate  these  difiSculties  explain  that  it  is 
important  to  allow  the  mouth  to  open  widely  and  ea8ily,  without  the 
slightest  tension  of  the  jaw,  leaving  the  tongue  at  rest  in  its  natural  posi- 
tion,  and  to  breathe  quietly  and  freely  through  the  mouth.  The  prob- 
ability  is  that  after  this  reassurance  the  soft  palate  will  relax  to  its  norm  al 
position.  A  common  difficulty  consists  in  the  involuntary  retraction  of 
the  soft  palate  tightly  against  the  pharyngeal  wall  as  soon  as  the  mirror 
approaches  the  mouth,  and  its  retention  in  that  position  until  the  mirror 
is  withdrawn.  This  frequently  can  be  obviated  by  having  the  patient  close 
his  eyes.  Should  this  fail,  the  most  satisfactory  recourse  left  is  cocainiza- 
tion  to  a  degree  sufficienf  to  relieve  the  hypersensitiveness,  when  with  a 
long  applicator,  bent  at  right  angles,  making  a  hook  about  three-fourths 
of  an  inch  long  on  the  end,  the  soft  palate  may  be  gently  drawn  for- 
ward,  and  the  rhinoscope  placed  in  position  to  reflect  the  image  desired. 
It  is  alway8  better  to  twist  a  small  piece  of  cotton  on  the  retractor, 
which  being  dipped  into  a  bland  oil  will  prevent  injury  to  the  mucous 
membrane. 

Structures  Observed. — With  the  rhinoscope  j  ust  below  and  posterior 
to  the  margin  of  the  soft  palate,  and  with  a  strong  light,  the  angle  of 
reflection  in  the  mirror  may  be  so  direeted  by  manipulation  as  to  show  suc- 
C5essively  ali  the  structures  in  the  nasopharynx,  viz.,  the  Eustachian  orifices 
on  the  extreme  outer  margins,  and  j  ust  above  and  slightly  posterior  to 
these  the  fossae  of  Rosenmiiller,  which  are  occasionally  obstructed  by 
adhesive  bands;  in  each  naris  are  seen  the  middie  and  lower  turbinates, 
the  latter  being  indistinct  except  over  its  upper  half;  and  directly  pos- 
terior and  below  the  posterior  margin  of  the  septum  on  the  pharygneal 
wall  is  the  usual  position  of  the  pharyngeal  tonsil  or  adenoids.  Since  this 
lymphoid  structure  under  normal  conditions  undergoes  atrophy  about 
the  age  of  puberty,  when  observed  in  adults,  or  when  sufficiently  large 
in  children  to  interfere  with  nasal.  respiration,  it  should  be  regarded  as 
pathologic.  Polypoid  growths  in  the  nasopharynx  originate  usually  from 
mucoid  degeneration  of  the  posterior  margins  of  the  middie  or  superior 
turbinates  or  from  the  posterior  ethmoid  cells;  fibromata,  8ufficiently 
large  to  fill  the  entire  vault,  suspended  by  a  small  pedicle  and  hanging 
low  enough  in  the  oropharynx  for  the  lower  margin  to  be  seen  by  direct 
vision,  are  not  infrequently  observed.  Posterior  rhinoscopy  is  seldom 
accomplished  in  children  with  anv  degree  of  satisfaction,  in  which  čase 
ocular  inspection  must  be  supplanted  by  digital  examination. 

Laryngoscopy. 

For  the  examination  of  the  laryngopharynx,  larynx,  and  trachea 
the  same  instrument  s  are  required  as  those  used  for  posterior  rhinoscopy, 
and  the  same  precautions  toward  preventing  nervousness  on  the  part  of 
the  patient  during  examination  are  of  even  greater  importance.  The 
tongue  depressor  will  not  be  needed  in  ali  cases,  since  in  some  a  better 
view  can  be  obtained  by  grasping  the  tip  of  the  tongue  with  a  towel  or 
handkerchief  and  drawing  it  weU  out  and  downward,  using  čare  not  to 
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cause  pain.underneath  the  tongue  by  too  forceful  traction  o  ver  the  lower 
teeth.  In  stili  others  the  patient  may  be  able  voluiitarily  to  depress 
the  tongue. 

The  oropharynx  is  examined  by  direct  inspection.  The  appearance 
and  color  of  the  mucous  membrane  of  the  posterior  pharyngeal  wall  vary 
greatly  according  to  the  condition  of  the  gastro-intestinal  tract.  The 
ledness  frequently  observed  along  the  anterior  borders  of  the  faucial 
tonsillar  pillars  in  gouty  or  lithsemic  individuals  is  a  sign  of  diagnostic 
importance.  This  may  vary  in  color  from  a  dark  pink  blush  to  a  purplish 
crimson,  and  may  be  regular  in  outline  or  occasionally  present  the  appear- 
ance of  petechial  spots,  particularly  on  the  uvula.  Another  phenomenon 
often  observed  is  indicative  of  either  acute  or  chronic  inflammatory  Eus- 
tachian  or  middle-ear  involvement.  It  consists  of  a  prominence  or  bulging 
of  the  postpharyngeal  wall,  evidently  an  inflammatory  infiltrate,  j  ust  back 
of  the  posterior  faucial  pillar  on  the  same  side  as  that  of  the  affected  ear. 

In  the  examination  of  the  laryngopharynx  the  laryngoscope  is  used. 
Observe  the  base  of  the  tongue  carefully  to  detect  the  presence  of  an 
enlarged  lingual  tonsil,  which  gives  rise  to  various  annoying  symptoms, 
most  prominent  of  which  is  the  constant  accumulation  of  mucus  about 
the  glottis  and  the  resulting  pharyngeal  tenesmus.  Occasionally  this 
mass  of  tonsillar  tLssue  is  sufficient  to  press  the  epiglottis  downward  and 
thus  interfere  with  the  exaniination  of  the  larynx  proper. 

Foreign  Bodies.  —  The  most  frequent  locations  of  foreign  bodies, 
such  as  broken  bits  of  toothpicks  or  match-sticks,  fish-bones,  tooth-brush 
bristles,  etc,  in  the  laryngopharynx  are  the  glosso-epiglottidean  pouches 
at  the  base  of  the  tongue,  or  else  in  the  sinus  pyriformis  which  lies  partially 
posterior  to  and  on  either  side  of  the  glottis.  The  patient's  sensation  of 
locality  of  a  foreign  body  in  such  a  position  is  frequently  misleading;  for 
instance,  a  fish-bone  or  bristle  sticking  in  the  base  of  the  tongue  may 
give  the  sensation  of  being  farther  down  in  the  larynx,  or  perhaps  even 
in  the  nasopharynx. 

Exainination. — A  strong,  well  focussed  light  is  essential,  and  whether 
the  patient  be  in  the  sitting  or  recumbent  position,  the  head  must  be  well 
extended  and  free  breathing  through  the  mouth  insisted  upon.  The  auto- 
scope,  an  instrument  devised  some  years  ago  for  the  purpose  of  making 
direct  inspection  of  the  larynx,  is  not  generally  employed  at  the  present 
tirne.  Proceeding  with  the  usual  method,  the  patient^s  tongue  is  depressed, 
or  drawn  outward,  the  lar)mgoscope  is  carefully  introduced  into  the  upper 
laryngopharynx  in  a  manner  that  will  push  the  uvula  backward  out  of 
range  of  the  reflected  laryngeal  image.  The  best  angle  of  reflection  can 
be  determined  according  to  the  čase  in  hand,  the  epiglottis,  owing  to  its 
variability  both  in  point  of  shape  and  position  in  diflferent  individuals, 
being  the  principal  obstacle  to  a  clear  view  of  the  underlving  structures. 
This  diflBiculty,  however,  can  best  be  obviated  by  the  influence  which  the 
effort  on  the  part  of  the  patient  to  produce  certain  vocal  toneš  has  upon 
the  position  of  the  larynx.  Two  vocal  sounds  are  utilized ;  first,  the  classic 
"ah,"  during  the  intonation  of  which  the  larynx  is  in  the  most  natural 
relation  to  the  surrounding  structures  at  rest,  except  for  the  fact  that  the 
oordfl  are  approximated  or  in  the  position  of  phonation.     With  the  parts 
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in  this  position  there  will  be  reflected  in  the  larjngoscope  the  edge  of  the 
epiglottis  and  a  narrow  margin  of  its  underlying  surface,  the  arytenoids, 
and  the  posterior  half  of  each  vocal  cord,  whlch  appears  in  the  mirror  as 
the  inferior  half. 

The  same  relation  will  stili  be  preserved  if  the  patient  now  be 
instructed  simply  to  breathe,  allowing  the  arjtenoids  and  hence  the  cords 
to  swing  freely  open.  But  to  obtain  an  image  of  the  junction  of  the  cords 
at  the  anterior  ends,  appearing  superiorlj  in  the  mirror,  the  effort  to  pro- 
duce  the  vowel  tone  "e"  must  be  made.  This  will  so  elevate  the  lar>Tix 
and  change  its  position  in  relation  to  the  epiglottis  and  other  stnictures 
as  to  expose  the  whole  length  of  the  cords  and  the  whole  inferior  surface 
of  the  epiglottis  in  one  %'iew,  and  in  most  cases,  after  holding  the  tone  for 
a  few  seconds,  the  patient  may  breathe  freely  without  the  tongue  falling 
back  to  its  original  position.  A  good  plan  is  to  have  the  patient  hold  the 
note  for  a  moment,  followed  by  free  respiration,  and  repeat  the  process  as 
often  as  required  till  a  satisfactory  view  is  obtained  of  ali  the  intralar3m- 
geal  structures.  During  respiration  the  anterior  wall  of  the  trachea  also 
may  be  seen,  in  some  cases  as  far  down  as  the  bifurcation,  though  to  be 
satisfactory  an  examination  of  the  lower  part  of  the  trachea  and  bronchial 
tubes  should  be  made  with  a  bronchoscope.  This  instrument  has  been 
perfected  in  recent  vears  to  such  an  ertent  as  to  be  of  great  value  in  the 
hands  of  a  skilful  operator  for  the  removal  of  foreign  bodies  or  for  the 
inspection  of  anv  diseased  condition  of  the  lining  membrane.  If  during 
the  examination  the  patient  has  an  inclination  to  gag,  free  and  rapid 
respiration  may  overcome  it;  should  the  tendencv  persist,  however,  with- 
draw  the  mirror  and  allow  the  throat  to  be  at  rest  for  a  short  tirne;  under 
no  condition  \^nll  an^^hing  be  gained  by  forcing  or  attempting  to  prolong 
an  examination  when  the  patient  coughs,  gags,  or  the  muscles  of  the  throat 
become  fatigued. 

The  larA^n^  is  subject  to  the  same  inflammatory  changes  which  mav  take 
place  in  anv  other  mucous  membrane,  and  likewise  to  any  local  infection. 
The  histologic  structure  of  the  submucous  tissue  seems  to  favor  rapid  and 
e^tensive  oedema  from  local  inflammations,  due  to  traumata,  scalds,  and  the 
inhalation  of  irritant  vapors;  from  infectious  procesaes  involving  adjacent 
structures,  as  diphtheria,  foUicular  tonsillitis,  and  tuberculosis;  and  from 
circulatorv  disturbances  such  as  mar  arise  from  cardiac  or  rmal  lesions. 

Chronic  hoarseness  not  amenable  to  treatment,  particulariy  in  indi- 
%'iduals  past  fortv  vears  of  age,  must  be  regarded  as  suspidouslv  indica- 
tive  of  malignancv  and  be  kept  constantlv  und^  observation  in  order 
that  should  such  a  condition  exist  it  mav  be  detected  at  the  eariiest  stage 
possible.  Sluggishness  in  the  movement  of  the  vocal  cord,  or  even  an 
apparent  paral^^sis  of  the  cord  on  the  affected  side,  has  been  ofaserved 
not  infrequently  in  larvngeal  carcinoma  long  before  anv  actual  tumor 
was  \Tsible. 

Oto6CO|yy. 

For  conv^ence  in  description  the  organ  of  heariiig  is  usuallj  divided 
into  the  extenial,  n^iddle,  and  intemal  ear.  Tlie  lasi  embimcea  that  part 
of  the  petroua  portion  of  tlie  tonponi  bone  in  wliidi  the  terminal  fila- 


DESCRIPTION  OF  PLATE  HI. 

1.  Laryngcal  image  during  resplratlon. 

2.  Laoiigeal  Image  during  pbonatlon. 

3.  Laryiigo6copic  plcture  in  a  čase  of  paraljsis  of  the  right  recurrent  laryngeal  nerve. 

4.  Laryngoacopic  picture  in  a  čase  of  bilateiml  paralysis  of  tlie  recurrent  laryngeal  ncnres. 

5.  Laryngo8copic  picture  in  a  čase  of  paralyiia  of  the  interarytenoid  muBcle. 

6.  Podtion  of  the  Tocal  cords  in  nnilateral  adductor  paraljsis. 

7.  Position  of  the  Tocal  cords  in  bilateral  adductor  paral ysis— during  efforts  at  deep  liisplration. 

8.  Podtion  of  the  TOcal  cords  in  paraljsis  of  the  right  intemal  tensor. 
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ments  of  the  auditory  nerve  are  distributed,  and  therefore  is  also  desig- 
nated  as  the  sound-perceiving  apparatus.  The  external  and  middle  ear, 
since  they  serve  the  purpose  of  transmitting  sound  impressions  to  the 
nerve,  are  called  the  sound-conducting  apparatus. 

It  is  of  importance  to  distinguish  between  diseased  conditions  of  the 
sound-perceiving  and  the  sound-conducting  apparatus,  or  between  disturb- 
ance  of  hearing  caused  by  nerve  Icsions  and  that  dependent  upon  diseased 
structures  of  the  ear  itself.  For  example,  in  any  čase  of  deafness  the  first 
thing  to  be  ascertained  is  what  part  of  the  ear,  if  any,  is  at  fault.  Deaf- 
ness, either  partial  or  complete,  may  be  caused  by  obstructions  in  the 
external  auditory  canal,  such  as  foreign  bodies,  irapacted  cerumen,  con- 
genital  atresia,  exostosi8,  furunculosis,  etc,  and  also  by  hemorrhage  into 
the  semicircular  canals,  or  as  the  eflfect  of  certain  drugs.  The  condition 
of  the  external  canal  and  the  tympanic  membrane  can  easily  be  determined 
by  direct  ocular  inspection,  a  strong,  well  focussed  light  being  directed 
into  the  canal  through  a  suitable  speculum.  If  the  canal  be  feund 
clear,  then  the  difficulty  must  lie  either  in  the  middle  or  the  internal  ear. 
To  distinguish  between  these  the  tuning-fork  test,  devised  by  Weber,  is 
usually  employed. 

Extenial  Auditory  Canal. — The  external  auditory  canal  varies  greatly 
in  size  and  somewhat  in  direction  in  diflferent  individuals.  The  cartilagi- 
nous  portion  of  the  canal  is  usually  directed  more  or  less  downward  and 
forward,  so  that  in  order  to  bring  this  part  of  the  canal  and  the  bony  meatus 
into  the  same  axi8  for  inspection  of  the  walls  of  the  canal  and  the  drum 
membrane  it  is  nece8sary  to  draw  the  auricle  gently  upward  and  backward. 
By  holding  the  auricle  in  this  position  with  one  hand  and  manipulating 
the  speculum  with  the  other — a  metallic  conical  speculum  is  the  most 
desirable — every  part  of  the  canal  wall  and  drum  membrane  mav  be  clearly 
seen.  Note  the  size  of  the  canal  and  any  acute  inflammatory  8welling  or 
chronic  induration.  The  cartilaginous  portion  of  the  canal  comprises  a 
little  over  one-third  of  the  whole  length  of  the  meatus.  Its  junction  with 
the  bonv  meatus  is  the  most  frequent  site  of  furunculosis.  In  young  chil- 
dren  the  cartilaginous  meatus  comprises  about  two-thirds  of  the  whole 
extent  of  the  canal.  When  a  furuncle  is  of  deep  origin  pus  may  burrow 
beneath  the  periosteum  inward  toward  the  tympanic  cavity,  occluding 
the  osseous  meatus  entirely  and  giving  rise  to  most  excruciating  pain.  The 
pain  within  the  ear  and  8welling  extending  even  back  of  the  auricle  may 
be  confused  with  acute  mastoiditis.  In  furunculosis  the  most  acute  pain 
is  apt  to  be  elicited  by  pressing  upon  the  tragus,  or,  if  there  be  postauricular 
tendemess,  it  will  likely  be  superficial;  in  mastoiditis,  however,  the  pain 
may  be  slight  8uperficially  and  intensified  by  deep  pressure  over  the  mas- 
toid,  and  pain  is  not  apt  to  l)e  elicited  on  pressure  over  the  tragus. 

When  the  cartilaginous  portion  of  the  canal  is  occluded  by  swelling, 
gently  insert  a  tightly  roUed  pledget  of  cotton  dipped  in  a  sohition  com- 
posecl  of  camphor  and  carbolic  acid,  equal  parts,  and  allow  it  to  remain  a 
few  minutes.  The  swelling  is  thus  8ufficiently  reduced  to  allow  the  intro- 
duction  of  a  small  speculum  for  the  examination  of  the  deeper  canal  and 
tympanic  membrane.  This  solution  also  produces  partial  anssthesia  of 
the  membrane,  thus  allowing  a  more  thorough  examination. 
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The  tyiii|Muiic  membrane  separating  the  extemal  canal  from  the 
tympanum,  irregularly  oval  in  shape  and  slightly  concave  in  its  normal 
State,  is  aflfected  to  some  degree  by  every  inflammatory  disease  of  the  mid- 
dle  ear,  both  acute  and  chronic,  and  should  therefore  receive  most  careful 
attention  in  every  aural  examination.  A  strong,  well  focussed  light  is  a 
necessity  and  the  largest  speculum  which  the  canal  will  admit  should  be 
used.  The  external  layer  of  the  drura  membrane  is  modified  skin,  clear 
and  almost  translucent  in  its  normal  condition,  and  through  it  can  be  seen 
the  impression  of  the  malleus  with  which  it  lies  in  direct  contact.  Acute 
inflammations  of  the  middle  ear  produce  a  pink  or  reddish  hue  along  the 
margins  of  the  malleus  and  in  some  cases  over  the  entire  membrane. 

Exudates,  serous  or  purulent,  in  the  tympanic  cavity,  even  though 
small  in  quantity,  produce  bulging  of  the  membrane  and  frequently  ter- 
minate  in  spontaneous  rupture  into  the  external  canal.  In  acute  and 
chronic  inflammations  causing  occlusion  of  the  Eustachian  tube  the  tym- 
panic  membrane  will  be  found  retracted.  Retraetion  may  also  be  brought 
about  by  adhesions  within  the  tympanic  cavity  following  marked  inflam- 
matory  involvement.  In  a  čase  of  retracted  membrane  we  can  ascertain 
whether  the  tube  is  patulous  by  one  of  the  usual  methods  of  inflation. 
Valsalva's  consists  of  a  vigorous  expiratory  effort  while  the  noše  and 
mouth  are  kept  closed.  Politzer  inflates  the  tympanum  through  one  nos- 
tril  by  compression  of  a  rubber  air-bag  while  the  patient  is  in  the  act  of 
swallowing.  The  opposite  nostril  and  the  mouth  are  closed.  Eustachian 
catheterization  is  the  most  satisfactory  method  in  difficult  cases.  With 
SiegeFs  otoscope  the  air  within  the  extemal  auditory  canal  can  be 
exhausted  and  adhesions  involving  the  tympanic  membrane  observed. 
Aural  polypi  originate  most  frequently  within  the  middle  ear  from  gran- 
ular  or  necrotic  tissue  and  protrude  into  the  extemal  canal  through  per- 
forations  in  the  tvmpanic  membrane,  though  they  occasionally  may  be 
found  in  any  part  of  the  canal,  particularly  at  the  cartilaginous  and  osseous 
junction.  Exostoses  occur  in  any  portion  of  the  osseous  canal,  particularly 
from  the  posterior  wall  and  from  the  osseous  and  cartilaginous  jtmction. 
In  chronic  non-suppurative  processes  involving  the  middle  ear,  the  drum 
membrane  becomes  opaque  and  thickened,  and  usually  distorted  in  shape. 
In  cases  of  otosclerosis  white  chalky  spots  are  observed  in  the  membrane 
which  mav  otherwise  appear  normal.  A  sign  of  diagnostic  importance 
in  mastoiditis  complicating  chronic  suppurations  of  the  middle  ear  is  an 
infiltration  of  the  membrane  covering  the  superior  posterior  osseous  wall 
of  the  external  auditory  canal,  presenting  the  appearance  of  a  circum- 
scribed  drooping  or  bulging. 

PfuLrynx  and  Eustachian  Tube.  —  No  examination  of  the  ear  can  be 
considered  complete  without  a  careful  inspection  of  the  nasopharynx  at 
the  entrance  of  the  Eustachian  tube  slightlv  below  and  anterior  to  the  fossa 
of  Rosenmiiller.  The  technic  of  this  procedure  is  described  under  posterior 
rhinoscopy.  Catheterization  of-  the  tube  for  diagnostic  purposes  can  be 
accomplished  either  through  the  noše  or  by  way  of  the  oropharynx. 
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V. 
THE  EXAMINATION  OF  THE  BLOOD,  ^ 

Oeneral  Considerations.  —  Information  derived  from  blood  exami* 
nations,  while  not  essential  in  the  establishment  of  a  diagnosis  in  most 
instances,  is  frequently  a  useful  aid.  Negative  blood  reports  are  often 
important  in  diagnosis,  as  in  the  exclusion  of  malaria  from  a  group  of  dis- 
eases  which  have  similar  clinical  fcatures,  such  as  malignant  endocarditis, 
septicsemia,  and  certain  types  of  tuberculosis.  Diseases  associated  with 
marked  splenic  or  glandular  enlargement  present  so  close  a  resemblance 
to  leuksemia  that  only  a  study  of  the  blood  can  exclude  the  latter 
condition.  Many  blood  examinations  elicit  results  which  assist  in  arriv- 
ing  at  or  completing  a  diagnosis.  Evidence  of  a  pathognomonic  char- 
acter  gained  from  haematological  studies  is  available  in  only  a  limited 
number  of  diseases,  notably  in  myelogenous  leuksemia,  malaria,  relapsing 
fever,  trypanosomiasis,  and  filariasis.  The  condition  of  the  blood  as  to 
hemoglobin  value,  the  number  of  erythroc>i:es  and  leucocytes,  may  serve 
as  an  index  of  body  nutrition.  Blood  counts  often  yield  information 
which  bears  upon  prognosis, — e.g.,  in  chlorosis  a  steady  haemoglobin 
rise  is  an  evidence  of  favorable  progress  of  the  patient,  while  an  erythro- 
cytic  gain  in  progressive  pernicious  ansemia  or  leucocytic  decrease  in 
leuksemia  likewise  points  to  improvement.  Counts  of  the  white  corpuscles 
also  aid  in  establishing  the  leucocytic  standard  of  the  patient.  The  opsonic 
index  and  the  agglutination  phenomenon  are  recognized  adjuncts  in  the 
field  of  diagnosis. 

Methods  of  Blood   Exaniination. 

Obtainins^  Blood.  —  For  most  clinical  examinations  a  few  drops  of 
blood,  obtained  from  a  puncture  in  the  lobe  of  the  ear  or  the  finger-tip, 
will  suffice.  The  lobe  of  the  ear  is  sometimes  selected  for  making  the 
puncture  on  account  of  its  lessened  sensibility  and  because  the  operation 
can  be  performed  without  the  patient  seeing  it,  but  the  finger-tip  is  generally 
chosen  as  this  site  is  more  convenient  for  the  examiner.  The  puncture 
should  be  made  with  a  lancet-shaped  or  triangular  surgical  needle,  an 
instrument  especially  devised  for  this  purpose,  or  a  steel  pen  with  one  of 
the  nibs  broken  oflf.  The  part  selected  should  be  cleansed  with  alcohol  or 
with  soap  and  water  followed  by  alcohol,  and  dried  with  a  towel  or  hand- 
kerchief.  If  not  warm,  the  skin  is  warmed  by  gentle  friction,  but  forcible 
rubbing  should  be  avoided,  since  it  excites  active  hvperamia.  If  the 
individual  is  a  bleeder,  the  precaution  of  making  a  superficial  puncture 
and  of  having  measures  at  hand  to  control  hemorrhage  should  be  observed. 
It  is  obvious  that  areas  of  a?dema  and  of  inflammation  must  be  avoided. 
If  the  former  be  present  about  the  hands  or  ear,  an  area  free  or  nearly  so 
of  cedema  is  chosen.  The  puncture  is  made  with  a  quick  thrust  of  the 
instrument,  which  has  previously  been  cleansed  with  alcohol  or^passed 
through  a  flame.    The  first  drop  or  two  of  blood  should  be  wiped  away. 

iOrigiBftny  eoiitribut«d  by  Prof.  Kalteyer.    ReviMd  b/  Dr.  Turner. 
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Forcible  squeezing  o£  the  tissues  in  the  immediate  vicinitjr  of  the  wound 
must  be  avoided,  as  this  may  alter  the  cpmposition  of  the  blood  by  the 
addition  of  lymph  fluids.  As  the  blood  flows  from  the  wound,  its  gross 
appearance  as  to  eolor  and  fluidity  is  noted. 


Fia.  02a. — Vacumm  Byringefl  for  collecting  blood  for  esaminationa. 

The  blood  may  be  drawn  from  a  vein  at  the  elbow  when  larprer  quan- 

tities  are  required  for  extensive  phy8ieal,  ehemieal,  and  biological  examina- 

A  tions.     A  tourniquet  or  bandage  is  ap- 

plied  to  the  iipper  arm  just  firmlv  enough 
to  obstruet  the  venons  retum  but  not  so 
tight  as  to  eliminate  the  arterial  pulse. 
^StfA\ivr  The  tourniquet  is  often  removed  before 
TwJnri^  the  blood  is  allowed  to  flow  in  order  to 
eliminate  any  alteration  caused  by  con- 
gestion.  The  sterile  needle  of  a  syringe 
is  plunged  into  the  vein  after  the  part 
has  been  siirgieally  eleaned.  The  required 
quantity  is  thus  readily  obtained. 

Blaekfan  has  perfected  a  very  simple 
and  inexpensive  apparatiis  for  use  in  col- 
lecting blood — from  infants  and  older 
patients — for  serological  examinations, 
althoiigh  not  of  value  in  obtaining  blood 
ui^V??^-^^"*^^*^°*PPo''**i^'**'5^"®*^ii'^  for  other  examinations  since  there  is  an 

bloodiorthe  Was8erinannRcactioii.  il,Buction  ,  «     .  ■•  •  i       -ii       j 

glaas  connecting  at  B  with  suction  pump  C;  admixture  of  tlSSUe  fluids  Wlth  thc  blOOd. 

the  blood  nows  through  D  connected  by  rub-  _,  .  .     •■    «•  rm 

ber  Btopper  with  an  ordiiiary  test  tube.  J?.—  ThC  apparatUS  IS  COnnCCtcd  for  USC.     IhC 

^^  part  selected  is  usually  below  the  angle 

of  the  scapula.  A  small  puneture  is  made  in  the  sterilized  skin  in  one  or 
more  points  and  the  apparatus  immediately  applied.  The  necessar\'  amount 
is  easily  secured  without  the  use  of  much  suction.  When  the  blood  has  been 
withdrawn  the  area  is  covered  with  a  sterile  dressing. 
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Preparation  of  Fresh  Blood  for  Iminediate  Exaininatlon. — ^A  cover- 
glass  is  applied  to  a  droplet  of  blood  and  then  placed  upon  a  clean  slide. 
The  blood  iisiially  spreads  into  a  thin  layer.  Wannin^  the  slide  by  fric- 
tion  with  a  piece  of  gauze,  a  handkerchief,  or  tissue  paper  before  applyingr 
the  cover-glass  facilitates  spreading.  In  a  well-prepared  preparation  the 
eorpuseles  are  arranged  in  a  single  layer  separated  from  eaeh  other  over 
an  area  sufficiently  large  for  the  desired  study.  If  it  be  neeessary  to 
delay  the  examination,  drying  of  the  specimen  can  be  prevented  by  ring- 
ing  the  margins  of  the  cover-glass  \vith  vaseline  or  cedar  oil. 

Preparation  of  Blood  for  Staining. — Cover-glasses  \vhich  have  clean 
polished  surfaces  are  placed  upon  a  sheet  of  paper,  or  preferably  upon 
a  folded  towel,  from  which  they  can.  be  picked  up  easily.  A  cover-glass, 
held  with  the  fingers,  or  with  forceps,  is  applied  to  the  siunmit  of  the 
droplet  of  blood,  being  careful  to  avoid  touching  the  skin,  and  allowed  to 
fall  upon  another  cover.  As  soon  as  the  blood  has  ceased  spreading,  the 
covers  are  did  apart.  In  performing  this  operation,  čare  should  be  exer- 
cised  not  to  lift  the  glasses  apart:  the  sliding  motion  must  be  performed 
rapidly,  avoiding  a  jerky,  uneven  g»troke.  The  smear  n>ay  be  made  upon 
a  slide  by  placing  a  drop  of  blood  upon  it  and  spreading  with  another 
slide  or  with  a  glass  rod  especially  designed  for  this  purpose. 

Methods  of  Fixation. — IIeat  Fixation. — The  covers  are  placed  in  an 
oven,  the  ordinary  dry-heat  sterilizer  being  convenient  for  this  purpose,  and 
heated  gradually  until  the  temperature  reaches  to  120°  C.  or  up  to  155^  C. 
and  subjected  to  this  temperature  for  from  ten  to  twenty  minutes.  A  con- 
venient plan  for  fixing  the  specimens  ^vith  heat  consists  in  placing  the 
spreads  upon  a  heated  copper  plate.  The  plate,  about  20  centimetres  in 
length,  8  centimetres  in  width,  and  from  I/12  to  1  centimetre  in  thickness, 
supported  by  a  suitable  stand,  is  heated  at  one  end  with  the  Hame  from  a 
Bunsen  bumer  or  an  alcohol  lamp.  \Vhen  the  plate  is  thoroughly  heated, 
the  covers  are  placed  upon  it  a  t  a  point  where  the  temperature  is  sufficient 
to  boil  water  (which  is  previously  determined  by  dropping  water  upon 
its  surface,  beginning  at  the  end  farthest  away  from  the  Hame)  and  expased 
to  this  heat  for  about  thirty  minutes.  A  method  less  suitable  than  the  ones 
mentioned  consists  in  passing  the  film  rapidly  through  a  Bunsen  tiame 
forty  or  fiftv  times. 

FiXATiON  BY  \Vet  ^Methods. — Fixati()n  mav  be  obtained  by  submerg- 
ing  films  in  a  mixture  of  e(|ual  ])arts  of  alv<<)lut(»  alcohol  mul  ether  for  twenty 
or  thirty  minutes,  or  in  absolute  alcohol  for  tive  minutes.  The  Futcher- 
Lazaer  method  subjects  the  lilms  to  .25  per  cent.  formalin  in  95  per  cent. 
alcohol  for  one  minute:  they  are  then  rinsed  in  water  and  dried  vvith. 
filter-paper. 

Blood  Staining. — ^rany  methods  for  staining  blood  are  available.  To 
Ehrlich  belongs  the  credit  of  devising  a  mixture  by  which  aH  known  varie- 
ties  of  blood-cells  except  those  which  contain  basophilic  grantiles  are  com- 
pletely  colored.  At  the  present  time  certain  panoptic  Huids  containing 
eo8in-methylene-blue  compounds  are  employed  extensively  in  routine  work, 
having  largely  supplanted  Ehrlich 's  triple  stain. 

Ehrlich 's  tripl*:  stain  is  prepared  \yy  mixing  saturatcd  a(|ueous  solu- 


244  MEDICAL  DIAGNOSIS. 

tions  of  acid  fuchsin  of  orange  6.  and  of  methyl  green  00  with  glyeerin, 
etiiyl  alcohol,  and  water. 

Staining  Technic. — The  stain  is  applied  to  the  blood-film  previ(>tisly 
fixed  by  heat,  for  five  minutes,  after  which  the  excess  of  stain  is  drained 
off  and  the  cover  washed  with  water,  dried^  and  mounted  in  xylol  balsani 
or  cedar  oil.  Normal  erythrocytes  are  eolored  orange,  eosinophilie  granules 
duU  red,  neutrophilic  granules  violet  or  lilae,  nuelear  structures  various 
shades  of  green,  blue,  or  black,  malarial  parasites  and  bacteria  green  or 
blue,  while  basophilic  granules  are  unstained. 

Jenner's  stain  is  prepared  as  follows:  Mix  equal  parts  of  a  1  per 
cent.  aqueous  methylene-blue  solution  with  a  1.25  per  cent.  aqueous  eosin 
(water  soluble)  solution.  After  shaking  thoroughly,  the  solution  is  allowe<l 
to  stand  for  twenty-four  hours  and  then  filtered.  The  precipitate  is  dried. 
One  part  of  precipitate  is  dissolved  in  two  hundred  parts  of  methyl  alcohol. 
Films  are  treated  with  this  solution  without  previous  fixation  for  from 
three  to  five  minutes,  washed  with  water,  dried,  and  mounted  in  xylol 
balsani  or  cedar  oil.  The  f ollowing  tinctorial  reaction  is  secured :  Normal 
erythrocytes  stain  terra-cotta;  nuclei,  various  shades  of  blue  or  green; 
basophilic  granules,  dark  blue;  neutrophilic  granules,  pink;  eosinophilie 
granules,  bright  red ;  the  cytoplasm  of  lymphocytes  and  malarial  parasites, 
a  deep  blue.  A  deposit  of  dark  granules  upon  the  film  \vhich  is  often  observed 
is  an  objectionable  feature  and  interferes  \vith  the  usefulness  of  this  met  hod. 

IjEISHMAn's  stain,   an   improvement  on   Jenner's.   is   based   on    the 

■ 

Romanowsky  method.  It  is  prepared  as  follows:  (1)  A  one  per  cent.  aque- 
ous  solution  of  meihylene  blue  (Gruber 's  medicinal).  containing  5  per  cent. 
of  sodium  carbonate,  is  heated  at  65°  C.  for  twelve  hours  and  then  allowed 
to  stand  for  ten  days.  (2)  An  e(iual  volume  of  a  1  per  cent.  solution  of 
eosin  in  distilled  water  is  added  to  the  methylene-blue  solution  in  an  open 
vessel  and  the  mixture  stirred  from  time  to  time.  After  twelve  hours  the 
resultant  sediment  is  collected  on  filter-paper  and  wa8hed  with  \vater  until 
the  washings  are  almost  colorless.  One  and  a  half  parts  of  dried  poivdered 
precipitate  are  added  to  one  hundred  part«  of  pure  methvl  alcohol.  Three 
or  four  drops  of  this  stain  are  placed  upon  the  unfixed  blood-film  and 
allcwed  to  act  for  thirty  seconds,  when  double  the  amount  of  water  (six  or 
eight  drops)  is  poured  upon  the  eovcr  and  mixed  with  the  stain.  Aft(»r  five 
minutes  the  spread  is  washed  gently  with  \vater  and  a  fe\v  drops  allowed  to 
remain  upon  the  specimen  for  about  a  minute.  The  smear  is  now  dried, 
first  beween  filter-paper  and  then  in  the  air,  and  mounted  in  balsam  or  cedar 
oil.  The  nuelei  of  leueocytes  and  of  ervthroblasts,  and  blood-platelets  are 
stained  various  shades  of  purple,  the  protoplasm  of  lymphocytes  and  certain 
polychromatophilie  er>'throcytes  various  tiiits  of  blue.  basophilic  granules 
dark  violet  or  roval  purplo,  normal  erythrocytes  and  eosinophile  granules 
pink,  and  neutrophile  granules  a  dull  red.  Malarial  parasites  and  tr>'- 
panosomes  are  distinctlv  stained  by  this  method. 

\VRiGnT's  STAIN  contaius  an  eosin-methvlene-blne  eombination  held  in 
solution  by  methyl  alcohol.  The  unfixed  film  is  stained  for  one  minute. 
next  S-10  drops  of  distilled  water  are  added  to  fihn  stain  and  allowed  to 
stand  two  to  three  minutes.     The  film  is  stained  deep  blue.     It  is  now 


A 

& 

Fni.  IMa,— Countint  cluulMr  tit  th« 
Bniaey[nmcter.  .1.  profile  vic*;  B,  fi 
■11  ol  cEll:  b,  Mntnfduk-  c,  ■ 


■rooT*  jj>out  diik;  d. 


Fto.  tMa— ^.  Zapi 


EXAMINATION  OF  THE  BLOOD.  246 

decolorized  by  washing  with  water  until  yellowish  or  pink.  Dry  between 
filter-paper  and  mount  in  balsam. 

End  Result. — Erythrocytes  orange  or  pink ;  nuclei  of  leucocytes,  blue ; 
neutxophile  granules,  lilac;  coarse  mast  celi  granules,  deep  purple.  The 
nuclei  of  erythroblasts  and  bacteria  stain  various  shades  of  blue;  blood 
plaques  purplish  flecked  with  red.  The  body  of  the  malarial  parasite  stains 
blue.    The  chromatin  varies  from  blue  to  red  to  almost  black. 

DouBLE  Staining. — The  films,  af ter  suitable  fixation  obtained  by  immer- 
j^on  in  absolute  alcohol,  aleohol  and  ether,  or  by  heating  as  previously 
described,  are  treated  first  with  an  acid  stain  followed  by  a  basic  dye, 
rinsed  in  water,  dried,  and  mounted.  A  staining  fluid  containing  acid  and 
basic  coloring  principles  may  be  employed  for  this  purpose.  Most  of  the 
methods  of  double  staining  are  not  suitable  for  differentiating  ali  forms 
of  blood-cells,  as  certain  histological  elements  remain  unstained.  Neu- 
trophilic  granules  are  as  a  rule  not  colored,  and  therefore  neutrophilic 
myelocytes  cannot  be  distinguished  from  large  mononuclear  leuciocytes. 

Plehn's  stain  has  the  following  formula: 

Saturated  aqueou8  solution  of  methylene  blue 60  c.c. 

One-half  per  cent.  eosin  solution  (in  75  per  cent.  aleohol) 20  c.c. 

Dietilled   water    40  c.c. 

Twenty  per  cent.  solutičn  of  caustic  potash 5-1  c.c. 

Specimens  are  fixed  in  absolute  aleohol  for  from  three  to  five  minutes, 
stained  with  Plehn*s  solution,  washed  in  water,  dried,  and  mounted.  This 
mixture  stains  malarial  parasites  blue  and  eosinophilic  granules  red. 

Eosin  and  Methylene  Blue. — ^A  convenient  plan  consists  in  treating  the 
fixed  smear  with  a  solution  eonsisting  of  eosin  .5  part  in  70  per  cent. 
aleohol  100  parts,  for  a  minute  or  two ;  wash  the  cover  in  water,  and  then 
counterstain  with  a  half-saturated  solution  of  methylene  blue  or  Delafield  s 
ha?matoxylin  solution  for  a  half  to  one  minute.  The  specimen  is  then 
rinsed  in  water,  dried  between  bibulous  paper  or  in  the  air,  and  mounted. 

Cheminsky  recotnmends  a  stain  composed  of  40  cubic  centimetres  of 
saturated  methylene  blue,  20  cubic  centimetres  of  a  .5  per  cent.  eosin  solu- 
tion in  70  per  cent.  aleohol  and  40  cubic  centimetres  of  distilled  water. 
Films  fixed  in  absolute  aleohol  are  subjected  to  Chenzin8ky's  solution  for 
from  three  to  six  hours,  the  staining  being  done  at  37**  C.  in  an  incubator. 
Ehrlich  suggested  a  mixture  eonsisting  of  hflematoxylin  2  grammes,  eosin  0.5 
gramme,  absolute  aleohol  100  grammes,  distilled  water  100  grammes,  glyc- 
erin  100  grammes,  acetic  acid  10  grammes,  and  an  excess  of  alum.  The  stain 
is  not  ready  for  use  until  several  weeks  hav0  elapsed,  since  this  time  is 
required  for  the  ripening  of  the  stain. 

Basophilic  granules  may  be  demonstrated  by  a  stain  recommended  by 
Ehrlich  which  has  the  following  formula : 

Saturated  alcoholic  solution  of  dahlia .50  c.c. 

Acetic  acid   10-20  c.c. 

Distilled  water 100  c.c. 

Differential  Counting. — This  method  consists  of  determining  the  rela- 
tive  number  of  the  different  forms  of  blood-cells,  generally  expreaBed  in 
percentage  figares  and  sometimes  as  the  number  per  cubic  millimetre.  The 
leaeocyte  differential  estimation  is  important  in  the  diagnocds  of  a  number 
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of  conditions.  An  approxuiiate  differentiaL  count  can  be  made  by  an 
exaiiiiQation  of  fresh,  iinstaiDed  blood  by  the  eiperienced  worker,  but  for 
accurate  determlnations  stained  fihns  are  essential.  A  meelianical  stage  is 
necessarj  for  this  method  of  eountmg. 

Tecknic. — The  specimeo  is  brought  into  focus,  aod  the  slide  is  shifted 
witli  the  mechanical  stage  so  as  to  bring  suceessive  fields  into  view,  being 
Gareful  not  to  pass  over  any  portion  more  than  once.  The  different  forma 
of  leucoeytes  are  noted  and  their  number  recorded  until  at  least  five  hun- 
dred  eelia  have  been  studied.  From  tbese  figures  the  relative  percentagea 
are  caleulated.  "V^hen  nucleated  erythroeyte8  are  eneountered,  their  mim- 
ber  Bhould  also  be  noted,  and  the  total  number  of  these  cells  per  cubic 
millimetre  ean  be  determined  by  the  f olLowiiig  formula : 

nun.  X  number  ol  nudeated 

n  the  Btttined  film  _^  Number  ofnucleated  er]rthro 


Number  of  leucocjtcB  countcd  in  the  itained  flim        "  cyteB  per  cubic  millimetre. 

It  is  Hometimes  unportant  to  esrtimate  separate1y  the  different  varietiea 
of  abnormal  red  eells,  especially  the  varieties  of  nueleated  eells. 


Enumeration  of  the   Erythrocytes,   Leucocytes,  and  Blood-platelets. 

— Por  clinieal  purposes,  the  red  cells  are  counted  in  a  small  amount  of 
blood  of  knovn  quantity,  from  which  an  estimate  of  the  number  per  cubic 
millimetre  is  made,  this  figure  being  the  standard  upon  whieh  the  Tariations 
in  health  and  disease  are  based.  A  number  of  methods  are  available  for 
this  purpose.  The  one  reconunended  by  Thoma  is  generally  selected,  aa 
it  gives  fairly  accurate  results. 

The  Thoma-Zelss  Haemocytometer. — Tžiis  apparatus  consists  of  two 
graduated  pipettes  (the  red  and  white  counters)  for  measuring,  diluting, 
and  raising  the  blood,  and  a  glass  chamber  in  which  the  corpnsclea  are 
counted.  The  erythrocytometer  consists  of  a  graduated  capillary  tube, 
upon  which  the  figures  .5  and  1  appear.  The  tube  expands  into  a  bulb, 
nbove  which  the  figure  101  is  inscrilied.  A  rubber  tube  with  a  mouthpiece 
attaebed  is  fastened  to  the  short  end  of  the  pipette,  Pilling  the  pipette 
with  blood  to  the  point  marked  ,5  and  then  drawing  a  diluting  solution  into 
it  until  the  fluid  reaches  to  the  point  marked  101,  insures  a  blood  dilution  of 
1 :  200,  while  a  dilution  of  1 :  lOO  is  obtained  vhen  the  pipette  is  fiUed  to  the 
point  marked  1.  and  then  with  a  diluent  to  the  mark  101.  The  vhitc 
pipette,  or  Ieacocytometer,  is  similar  in  construction  to  the  red  pipette,  but 
differs  in  that  the  capillarT  bore  is  lai^r  and  the  bolb  smaller  w>  that 
dilutifflu  of  1 :  20  aod  1 :  10  ma?  be  ascoied. 
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The  counting  chamber  consists  of  a  heavy  glass  slide  iipon  which  is 
cemented  a  glass  plate  having  a  circular  opening ;  a  disk  is  cemented  to  the 
dide  so  that  it  occupies  a  central  position  in  the  circular  opening  of  the 
plate.  The  disk  is  slightly  thiuner  (by  one-tenth  of  a  mm.)  than  the  plate 
which  surrounds  it.  When  the  cover-glass,  a  part  of  this  instrument,  is 
placed  upon  the  plate,  the  divStance  between  the  disk  and  the  cover  is  one- 
tenth  mm.  The  surface  of  the  disk  is  ruled  by  vertical  and  horizontal  lines 
one-twentieth  of  a  mm.  apart.  These  lines  form  four  hundred  squares,  the 
dimeusions  of  each  being  one-twentieth  by  one-twentieth  mm.  Groups  of  16 
8quares  are  indicated  by  a  double  ruling.  The  space  overlying  each  square 
between  the  surface  of  the  disk  and  the  cover-glass  measures  j^^  cu.  mm. 
(^  mm.  X  3f\r  dmh.  X  iV  =  tdVit  3ubic  millimetre).  Zappert 's  modified  rul- 
ing of  the  Thoma-Zeiss  counting  chamber  divides  the  surface  into  eight 
large  squares,  immediately  surrounding  the  400  small  squares;  each  large 
square  is  equal  to  the  surface  ruling  of  the  400  central  s<^iuares.  The  total 
ruling  represents  an  area  of  3600  small  squares. 

The  Levy  Counting  Chamber  is  said  to  possoss  the  folIo\ving  distinct 
characteristics : 

Increased  visibility  of  the  rulings  when  chamber  is  filled  \vith  solution. 

It  entirely  avoids  the  cemented  celi  and  the  attendant  danger  of  its 
loosening  by  the  drying  out  of  the  balsam  cement,  and  the  loosening  of  the 
ruled  counting  surface  is  also  greatly  redueed. 

The  parallel  form  of  celi  used  provides  a  more  unifonn  distribution  of 
corpuscles  over  the  ruled  area  and  entirely  removes  the  effect  of  atmos- 
pheric  pressure  upon  the  depth  of  the  tsolutiou,  a  source  of  considerable 
error  in  the  circular  form  chambers. 

The  parallel  form  of  celi  facilit^ites  cleaning  as  compared  with  the  cir- 
cular type. 

The  matte  finish  on  the  surface  of  the  slide  insures  better  approxima- 
tion  between  the  under  surface  of  the  cover-glass  and  the  supporting  sur- 
face of  the  slide  than  when  two  polished  surfaces  are  used. 

Technic  op  Counting  the  Erythrocytes. — Special  tiuids  are  emploj-ed 
for  diluting  the  blood.  Toisson\s  solution  stains  nnclei  a  pale  blue,  there- 
fore  rendering  differentiation  between  non-nucleated  erythrocytes  and  white 
corpuscles  easy.     Its  composition  is  as  f ollows : 

Methvl  violet.  5B 0.025  part 

Sodium  chloride 1.0     part 

Sodium  sulphate 8.0      parts 

Neutral  glvcerin   30.0      partn 

Distillod  water 160.0     partft 

nayem's  solution: 

Mercuric  chloride  0.25  part 

Sodium  chloride   0.5  part 

Sodium  sulphate 2.5  parts 

Distillcd  \vater    100.0  parts 

Other  diluting  fluids  recommended  for  clinical  \vork  are  a  2.5  per  cent. 
aqueous  solution  of  potassium  bichromate,  a  .5  per  cent.  afjueous  solution 
of  sodium  sulphate,  and  a  .7  per  cent.  aqueous  solution  of  sodium  chloride. 
The0e  solutions  should  be  filtered  before  using. 
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The  blood  obtained  in  the  usual  maniier  la  drawn  into  the  erj'thro- 
cjtometer  to  the  point  .5,  unless  decided  oligocytfaffimia  is  suspeeted,  when 
it  is  desirable  to  fiU  to  the  mark  ,1,  after  which  the  tip  of  the  pipette  is 
wiped.  Toisson*s  or  some  other  diluting  solution  ia  drawn  into  the  pipette 
until  the  fluid  reacbes  to  the  point  101.  The  pipette  should  be  rotated 
gently  as  the  diluting  Huid  enters  the  bulb,  ia  order  to  seeure  a  mixture. 
After  filling  the  pipette,  the  thumb  and  finger  are  immediately  placed  over 
its  ends  and  the  instrument  shaken  for  about  a  half  minute,  in  order  to 
obtain  a  thorough  mixture.  The  unmiied  fluid  in  the  capillary  portion  is 
then  blown  out.  The  eounting  chamber  is  nqw  placed  upon  a  perfeclly 
level  aurfaee  and  a  droplet  of  the  mixture  is  depoaited  in  the  central  portion 
of  the  niled  disk,  The  pipette  should  be  shaken  just  before  adjusting  the 
diluted  blood,  and  the  fluid  in  the  capiUary  portion  should  aiways  bo 
ezpelled  after  mixing  in  thjs  manner,  since  corpuseles  in  the  eapillary  tube 
may  gravitate  on  standing.  thus  cre- 
ating  an  unevenmisture.  Thecover- 
glass  is  then  quickly  adjusted  in  its 
portion.  I£  the  fluid  flovs  into  the 
depression  surrounding  the  disk,  the 
operation  must  be  repeated.  After 
the  corpuacles  have  settled,  the 
eounting  chamber  is  placed  upon  the 
stage  of  the  microscope  and  a  field 
of  16  squares  is  brought  into  focus. 
In  general  routine  work,  the  catcu* 
lation  of  determining  the  number  of 
erythrocytes  per  cubic  millimetre  is 
usually  based  on  the  number  of  eells 
found  within  64  8quares,  provided  a 
uniform  distribution  of  the  eells 
existB.  The  following  plan  may  bo 
adopted  in  eounting  the  corpitscles: 
The  cetls  within  the  upper  left^hand 
comer  aquare  of  a  group  of  16  Bquares  are  first  counted,  then  the  cells  in  each 
of  the  remaining  three  square6  in  that  line,  going  from  left  to  nght,  after 
whieh  the  corpuseles  in  the  next  row  of  sciuares  are  enumerated,  proceeding 
from  right  to  left,  nest  those  in  the  third  row  and  finally  in  the  last  line  of 
8C[uares.  as  shon'n  in  the  diagram  (Fig.  96).  The  eounting  chamber  is  now 
moved,  so  as  to  bring  into  focus  another  area  of  16  6quare3,  and  the  number 
of  cells  in  this  grou|)  is  estimated.  This  process  is  repeated  until  the  desired 
number  of  sf|nares  (not  less  than  64)  has  been  covered.  In  order  to  avoid 
confusion  in  eounting,  the  corpuseles  whieh  touch  the  right  and  lower  lines 
are  included  in  the  coiint  of  the  s<|uare  in  question.  The  formula  for  calcii- 
lating  the  number  per  cubic  millimetre  is  as  folIows: 
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Fia.  M. — Bobamg  for  ocnutinc  celli  m 


Number  of  hIIb  counted  X  4n00  X  niimbpr  of  dilutioim 


-   Number  of  cella  per  cubic  m 


Number  of  HqimrpB 

The  greater  the  number  of  cells  counted.  especially  witb  low  dilutions, 
■  tbat  the  mizture  is  thorough,  the  more  accurate  will  be  tbe 
remUta. 
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Technic  op  Counting  THE  Leucocttes. — In  determining  the  number 
of  leucocytes,  the  red  pipette  may  be  used,  but  more  accurate  results  are 
obtained  with  the  white  pipette,  as  lower  dilutions  are  secured.  A  i/o  or  y^ 
per  cent.  aqueous  solution  of  acetic  acid  is  employed  when  using  the  white 
eounter  in  order  to  dissolve  the  red  cells.  Except  in  the  čase  of  leukcemic 
blood,  a  dilution  of  1 :  20  or  1 :  10  is  most  convenient  for  the  majority  of 
leucocytic  counts.  When  the  number  of  white  cells  is  estimated  with  the 
red  eounter,  with  a  1 :  100  or  1 :  200  dilution,  Toisson*s  solution  is  very  use- 
ful,  since  with  it  the  leucocytes  are  tinted  blue  and  therefore  readily  dis- 
tinguished  f rom  erythrocy tes,  which  have  a  yellowish  or  greenish  color.  With 
Zappert's  modified  ruling  the  cells  overlying  a  larger  area  can  be  counted. 
The  formula  for  estimating  the  leucocytes  per  cubic  millimetre  is  the  same 
as  that  used  for  determining  the  number  of  erythrocytes.  In  routine  clini- 
cal  work  the  corpuscles  overlying  the  entire  ruled  area  of  at  least  400  squares 
should  be  counted  when  employing  dilutions  of  one  in  ten  or  twenty. 

CUansing  the  Instrument. — After  removing  the  fluid  f  rom  the  pipette, 
it  is  rinsed  with  water,  then  with  alcohol,  and  finally  with  ether,  and  dried 
thoroughly.  An  atomizer  bulb  is  useful  for  expelling  the  fluid  from  the 
tube  and  for  drying.  A  simple  method  of  removing  the  fluid  from  the 
pipette  consists  in  pressing  the  end  of  the  rubber  tube  between  the  fingers 
80  as  to  occlude  its  lumen,  and  then  by  twisting  the  tube  the  fluid  is  expelled 
from  the  pipette.  The  counting  chamber  should  b^  cleaned  with  water  and 
dried  with  a  soft  handkerchief  or  tissue  paper.  Alcohol,  ether,  and  xylol 
should  not  be  used  for  cleaning  the  counting  chamber,  since  these  substances 
may  dissolve  the  cement  which  holds  the  parts  together. 

Enumeration  op  Blood-platelets. — The  blood-platelets  are  rarely 
seen  in  fresh  unstained  specimens,  as  they  disappear  almost  immediately 
after  the  blood  is  exposed  to  the  air.  They  are  colorless,  spherical,  oval, 
or  irregular,  var>'ing  considerably  in  size,  usually  from  one  to  three  microns. 
In  fresh  blood,  platelets  are  demonstrated  by  placing  a  cover-glass  upon 
a  slide  and  bringing  their  edges  in  contact  with  the  blood  as  it  flows  from 
the  puncture.  Their  number  may  be  approximately  estimated  by  Deter- 
man*s  method  as  follows:  Placc  a  drop  of  a  9  per  cent.  aqueous  solution 
of  sodium  chloride  upon  the  skin  and  make  the  puncture  through  the  drop 
of  fluid.  As  the  blood  flows  from  the  wound,  it  is  mixed  with  the  reagent  by 
stirring  with  a  cover-glass  or  slide,  and  then  a  part  of  this  mixture  is  placed 
upon  the  Thoma-Zei5as  counting  chamber  and  the  cover-glass  adjusted.  The 
ratio  of  blood-platelets  to  er>'throcytes  is  next  determined  in  a  given  area. 
The  number  of  red  corpuscles  per  cubic  millimetre  is  found  by  the  Thoma- 
Zeiss  method,  and  from  thLs  figure  the  actual  numl)er  of  blood-platelets  por 
cubic  millimetre  can  be  calculated  by  the  ratio  the  red  cells  bear  to  platelets. 

Haemoglobin  Estimation. — The  principle  involved  in  the  estimation  of 
luemoglobin  with  most  of  the  Instruments  used  in  clinical  work  is  based 
upon  a  comparison  of  the  color  of  undiluted  or  diluted  blood  with  a  standard 
color  seale. 

Dare's  Method. — The  principle  of  this  method  is  based  on  matching 
the  tint  of  a  fihn  of  undiluted  blood  of  definite  thickness  with  a  graduated 
color  scale.     The  easential  parts  of  this  haemoglobinometer  are  a  wedge- 
ahaped  semieircle  of  glass  stained  with  Caasius^a  **^o\deT\  ^\xt^V  %^  SJca^. 
tbe  variaua  deptba  ot  the  color  displayed  by  the  Bca\e,T^^T^'8eii\.V«xsi'^\gL^\xw 
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values  ranging  from  10  per  cent.  to  120  per  cent.  (this  wedge  is  contained 
within  a  hard-rubber  čase  so  that  it  can  be  revolved  by  operating  a  thumb- 
Bcrew) ;  a  teleecoping  camera  tube  supplied  with  a  magnifving  lens  through 
which  the  color  of  the  blood  and  that  of  a  part  of  the  wedge  is  viewed;  a 
pipette  composed  of  two  platea  of  glass,  one  being  transparent  and  the 
other  opaque  (white  glasa);  a  part  of  the  surface  of  the  latter  Is  8lightly 
bevelled,  so  that  a  thin  compartment  is  formed  between  the  plates  when 
their  surfaces  are  opposed;  and  a  candle  holder. 

T echnic.^  The  pipette  is  brought  in  contact  with  a  large  drop  of 
blood.  It  fills  by  capillarity,  The  pipette  is  then  placed  in  its  compart- 
ment on  the  side  of  the  čase.  The  light  of  a  cnndle  is  used  in  making 
the  color  comparison,  the  instru- 
ment being  held  In  a  position  so  as 
to  avoid  direct  sunlight.  The  rapid- 
)ty  with  which  an  accurate  haemo- 
globin  eatimation  can  be  made  is  the 
greatest  advantage  of  this  method. 
The  matching  of  the  colors  shoitld 
be  done  immediately  after  titling  the 
pipette,  since  coagulation  may  begin 
within  three  or  four  minutes.  The 
tint  of  the  colored  wedge  of  Dare's 
hiemoglobinometer  does  not  in  every 
instance  correspond  exactly  with  the 
color  curve  of  certain  an^mic  bloo<!s. 

TaLLQVISt'5      H^UOGLOBtNOM- 

ETER. — With  this  method  the  color 
of  a  drop  of  blood  soaked  into  filter- 
paper  is  compared  witb  a  color  scale 
lithographed  upon  paper.  The 
apparatus  cousists  of  a  book  con- 
taining  sheets  of  white  filter-paper 
and  H  lithographed  color  scale  of 
ten  tints  representing  hiemoglobin 
values  between  10  and  100  per  cent. 
Technlc. — A  piece  of  the  white  filter-paper  is  applied  to  the  drop  of 
blood,  and,  as  soon  as  the  moist  gloss  has  disappeared  from  the  surface  of 
the  blood-soaked  paper,  its  color  is  compared  with  the  scale.  Accurate 
iesults  are  not  claimed  for  this  simple  method.  An  error  of  at  least  ten 
per  cent.  is  unavoidable, 

VoM  Fleischl  H*:mometer,  —  This  instrument  is  composed  of  the 
following  parts:  A  metallic  stage  having  a  circular  opening  in  its  centre, 
supported  by  a  stand.  To  the  frame  of  this  stand  is  attached  a  plaster- 
of-Paris  reflector.  A  glass  wedge,  tinted  with  Cassiiis's  "golden  purple," 
fixed  wtthin  a  metal  frame.  The  depths  of  the  color  of  the  wedge  corre- 
spond to  a  scale  of  hemoglobin  percentages  stamped  upon  the  frame,  wbicb 
range  from  1  to  120.  A  cylindrical  metallic  mixing  celi,  divided  into  equal 
parts  by  a  vertical  partition,  aod  provided  with  a  glass  bottom.  A  cspil- 
Iary  measunitg  pipette  attached  to  a  metal  bandle.    As  the  capacity  of  the 


diik. — Einenop. 


t'»   hEoioglobinon 

niiiiac  Uabt  ta  ODlor-prlim. 
'hit«   Blass ;   B,  deBr  gLan 


EXAMINATION  OF  THE  BLOOD. 


251 


pipettes  varies  in  difTerent  instruments,  a  figure  is  stamped  upon  tbe  bandle 
of  the  pipette  and  a  similar  marking  on  the  stage  of  tbe  instrument  for  whicb 
it  is  Buited.     A  finely  pointed  glass  dropper,  for  filling  the  metallic  celi. 

Technic. — Wben  one  end  of  the  pipette  is  brought  in  contar.t  with 
tbe  blood,  secured  in  the  uaiial  manner,  it  fills  automaticaIly  by  capil- 
laritv,  Blood  adhering  to  tbe  external  surface  of  the  pipette  must  be 
wiped  away  before  emptying  its  contents.  After  partially  filling  one 
of  the  compartmcnta  of  the  celi  with  water,  the  blood  b  waahed  out 
of  the  pipette  with  water.  Tbe  blood  and  tbe  water  are  then  thoroughly 
inixed  by  stirring  witb  tbe  bandle  of  the  pipette.  The  fluid  adhering 
to  the  hsndle  must  then  be  tvasbed  off  witb  water,  which  is  allowed  to 
drain  into  tbe  mixing  compartment.  Tbe  other  division  of  tbe  celi  is 
filled  witb  water.  Avoid  moistening  tbe  top  of  the  vertical  septum,  as 
this  may  cause  the  fluids  of  the  compartments  to  commingle.  The  filled 
celi  ifl  now  adjusted  in  its  proper  position  on  the  stage,  and  a  comparison 
of  the  color  of  the  diJuted  blood  with  tbat  of  the  scale  is  made  in  a  dark- 
ened  foom,  or  with  a  light-proof  box,  A  candle  flame  placed  about  15 
or  20  centimetres  in  front  of  the  plastcr-of-Paris  reflector  is  used  for  lUu- 
tnination.  The  operator,  standing  to  one  stde  of  the  instrument,  matches 
the  colora  by  turning  the  thunib-screw.  Tbe  glass  vvcdge  shouhl  be  moved 
quickly.  Never  view  the  colors  for  more  than  a  few  seconds,  since  tbe 
eye  is  easily  fatigued  by  prolonged  inspection.  After  two  readings  have 
been  made,  the  mean  of  thcse  is  taken  as  the  result.  An  attempt  should 
alwayB  be  made  to  compare  onIy  the  median  portion  of  the  color  fields, 
which  may  be  readily  acconiplished  ^ 

by  placing  under  the  glass  bottom  of 
the  celi  a  diaphragm  of  thin  metal 
or  paper,  having  a  narrovv  slit  about 
4  millimetres  in  'width,  the  long 
axi8  of  which  is  at  right  angles 
to  tbe  partition  of  the  niixing  celi. 

\Vhen  the  hemoglobin  pereent- 
age  is  low  (below  30),  two  or  tbree 
pipettes  full  of  blood  should  be  used, 
and  tbe  result  divided  by  tbe 
number  of  pipettes  empioyed. 
Degree  of  error  with  the  von  Fleischl 
instrument  is  betveen  5  and  10 
per  cent. 

The  M£ischee's  H.«i;MOGLO- 
iiiNOMETER. — This  modification  of 
the  von  Fleischl  instrument  pos- 
sesses  certain  atlvantages  over  the 
latter  whereby  the  degree  of  error  ia 
conBiderably  lesseiied.  The  prin- 
ciple  of  Mei8cher'3  method  is  the 
same  as  tbat  of  von  Fleischl.  A 
mixing  pipette  is  employed  with  which  accurate  dilutions  of  1 :  200, 1 :  300,  or 
1:400  can  beaecured.     Fornormal  blood  ornenrly  so,dilui\uu&oi  V-.V^«x« 
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most  con venient,  but  with  low  haemoglobin  values  dilutions  of  1 :  200  or  1 :  300 
are  more  serviceable.  Two  metallic  chambens  are  employed,  each  of  which 
is  divided  by  a  vertical  partition  and  supplied  with  a  glass  bottom.  One 
compartment  receives  the  diluted  blood,  the  other  water.  One  chamber 
is  shallower  than  the  other.  The  partition  dividing  the  cells  is  slightly 
raised  so  that  the  glass  cover,  provided  with  a  groove,  may  be  slid  over 
the  top  of  the  cyh'nder,  thereby  preventing  the  fluids  from  commingling. 
A  lid  having  a  narrow  oblong  opening  is  used  to  cover  the  chamber  so 
that  the  width  of  the  field  exposed  when  making  the  color  comparison 
does  not  correspond  to  more  than  three  degrees  of  the  percentage  scale. 
The  tinted  wedge  of  this  instrument  is  more  accurate  than  that  of  the 
von  Fleischl.  After  securing  the  desired  dilution  and  mixture  in  the 
pipette,  one  of  the  compartments  in  each  of  the  cells  is  filled  with  the 
blood  solution,  the  other  compartment  with  water;  the  glass  cover  is 
then  slid  into  position  and  the  metal  top  adjusted.  The  reading-of  each 
celi  is  then  made  with  artificial  illumanation,  using  the  same  technic  as 
with  the  original  von  Fleischl  method.  The  result  of  the  reading  of  the 
shallower  celi  is  multiplied  by  i;  this  figure  should  correspond  closelv  with 
the  reading  of  the  other  chamber,  one  result  controlling  the  other.  The 
mean  of  the  two  readings  represents  the  hsemoglobin  percentage. 

Oliver's  H.«moglobinometer. — With  this  method  the  color  of  a 
definite  quantity  of  diluted  blood  is  compared  with  a  standard  color  scale, 
consisting  of  a  series  of  tinted  glass  plates.  The  instrument  is  composed 
of  the  following  parts:  A  standard  blood  scale  composed  of  12  colored 
disks,  mounted  upon  a  perfectly  white  surface  in  two  metal  frames.  Their 
tints  correspond  with  the  color  of  various  dilutions  of  blood.  These  primary 
disks  correspond  to  haemoglobin  percentages  ranging  from  10  to  120; 
two  pieces  of  tinted  glass,  called  riders,  are  supplied  with  the  instrument 
for  ordinary  clinical  purposes.  When  a  rider  is  superimposed  upon  a  pri- 
mary  color,  its  shade  deepens  and  therefore  determines  intermediate 
percentages  between  those  indicated  by  the  disks.  An  error  of  21  per 
cent.  is  unavoidable.  A  capillary  tube  having  a  capacity  of  5  cubic 
millimetres  for  measuring  blood.  A  standard  mixing  celi  provided  with  a 
glass  lid.  A  camera  tube  through  which  the  colors  are  viewed,  and  a 
pipette  for  washing  the  blood  out  of  the  measuring  pipette. 

Technic.  —  The  blood  measured  in  the  pipette  is  washed  into  the 
mixing  celi  with  water  and  mixed  with  the  handle  of  the  pipette.  The  fluid 
wnich  adheres  to  the  handle  is  rinsed  with  the  water  and  the  celi  filled. 
The  glass  Hd  of  the  mixing  celi  is  then  adjusted  in  a  manner  so  that  a 
small  air  bubble  is  present  under  the  cover.  The  color  of  the  diluted  blood 
is  matched  with  one  of  the  disks  oif  the  color  scale  in  a  darkened  room, 
illuminated  with  the  light  of  a  small  wax  candle  placed  about  10  centi- 
metres  in  front  of  the  mixing  celi  and  the  color  disk.  One  or  both  riders 
may  be  required  to  intensify  the  tint  of  the  primary  disk. 

Go\vERS*s  H^.MOGLOBiNOMETER. — With  this  method  a  definite  quan- 

tity  of  blood  is  diluted,  until  the  color  of  the  mixture  corresponds  with 

a  standard  color  contained  in  a  tube.     This  instrument  consists  of:    A 

standard  color  tube  which  contains  glycerin  jelly  colored  with  picrpcar- 

mine,  so  that  its  tint  corresponds  with  that  of  a  solution  containing  one 
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part  of  normal  blood  in  a  hundred  parts  of  water;  a  mixing  test-tube 
baving  a  graduated  scale  ranging  from  5  to  120;  a  pipette  for  measuring 
20  cubic  millimetres  of  blood. 

Techttic. — The  measuring  pipette,  to  which  is  attached  a  small  rubber 
tube,  is  filled  by  suction  up  to  the  point  marked  20.  A  few  drops  of 
water  are  placed  into  the  mixing  tube,  tben  the  blood  in  the  pipette  ia 
blown  into  the  tube.  Water  is  added  in  small  amounts,  shaking  after 
each  addition  in  order  to  secure  a  mixture,  until  the  color  of  the  solution 
corresponds  with  that  of  the  standard  tube.  The  height  of  the  fluid 
reached  indicates  the  hsemogiobin  percentage.  The  color  comparison  is 
made  with  daylight  by  holding  the  tube  against  a  white  background. 

Sahli'9  H,emometek. —  The  principle  of  this  method  ia  based  on 
comparing  the  tint  of  a  standard  fluid 
compoaed  of  a  definite  amount  of  normal 
blood  and  of  a  decinormal  solution  of 
hydrochlonc  acid  with  the  tint  of  a  solu- 
tion of  blood  to  be  tested  treated  with  a 
decinormal  hydroch]oric  acid  solution  and 
W8ter  in  sufticient  quantity  to  exactly 
match  the  colora.  The  height  of  the 
column  of  fluid  in  the  mixing  tube  indi- 
cates the  hEemoglobin  percentage.  Sahli 
claims  that  .with  this  method  the  color 
of  the  standard  solutiona  and  that  of  the 
blood  prDperly  dihited  corresponds  quite 
accurately,  thereby  insiiring  uniform 
result«.  The  apparatus  ia  aimilar  in  con- 
struction  to  Gowers'3  hiemometer.  It 
consista  of  a  sealed  tulie  containing  the 
standard  color  solution  of  decinormal 
bydrochloric  acid  holding  one  per  cent.  of 
blood;  a  graduatcd  test-tube  for  mixing 
the  blood  with  a  decinormal  hydrochloric  acid  solution  and  watcr;  a 
pipette  for  measuring  20  cubic  millimetres  of  blood;  a  pcrforatcd  stand 
with  a  white  glass  back  for  holding  the  tubcs;  a  bottle  for  carrying  the 
acid  solution;  and  a  finely  pointed  pipette.  The  standard  color  fluid 
has  a  browniah-yellow  culor,  dne  to  hicmatin  hydrochlorate  held  in  aua- 
penaion.  Since  precipitation  of  this  Bub-stance  will  occur  on  standing, 
the  aealed  tube  is  provided  with  a  glass  bali  which  servea  to  mix  the  parti- 
cles  when  the  tube  is  agitated. 

recAmc.-r-The  graduated  tube  ia  filled  with  decinormal  hvdrochloric 
acid  to  the  mark  10.  Twenty  c.mm.  of  blood  nieasured  in  the  pipette 
are  then  blown  into  the  acid  solution  and  niixed.  The  measuring  pipette 
is  then  flUed  with  wnter  and  dJKcliarged  into  tlie  niixing  tube.  The 
graduated  tube  is  now  jilaced  in  ita  conipartment  in  the  stand  alongside 
of  the  standani  tube  and  water  is  added  in  small  amounts  to  the  blood 
aotution,  mixing  after  each  addition,  until  the  color  matches  the  standard 
tint.    The  height  of  the  column  of  fluid  in  the  tube,  as  indicated  by  the 


254  MEDICAL  DIAGNOSIS. 

graduated  scale,  represents  the  haemoglobin  percentage.  The  test  is  con- 
diicted  with  natural  or  artificial  light.  More  accurate  readings  are  possible 
when  the  test  is  made  with  artificial  light  in  a  darkened  room. 

Color  fndex. — The  terms  color  index,  blood  decimal,  or  blood  quotient 
are  used  to  express  the  average  haemoglobin  richness  of  the  erythrocytes. 
This  factor  is  determined  by  dividing  the  haemoglobin  percentage  by  the 
percentage  of  colored  corpuscles  per  cubic  milli metre.  The  normal  color 
index  is  expressed  by  the  figure  1,  t.e.,  100  per  cent.  of  haemoglobin  divided 
by  100  per  cent.  of  red  cells.  In  ansemic  states  the  same  result  is  ob- 
tained  when  the  haemoglobin  and  red  cells  are  proportionately  reduced. 
In  chlorosis  the  color  index  is  generally  decidedly  diminished,  while  in 
most  symptomatic  anaemias  it  is  slightly  and  in  some  cases  markedly  low- 
ered.  In  pernicious  ana^mia,  except  during  periods  of  improvement,  it 
is  generally  increased. 

Estimation  of  the  Relative  Volume  of  Plasma  and  of  Corpuscles. — 
This  determination  is  made  by  applying  centrifugal  force  to  blood  con* 
tained  in  a  tube,  which  separates  the  corpuscles  from  the  plasma.  By 
estimating  the  volume  of  corpuscles,  an  approximate  idea  may  be  formed 
of  the  number  of  cells  per  cubic  millimetre. 

Daland^s  H^matocrit. — This  instrument  consists  of  a  set  of  gears 
operating  a  metal  frame  into  which  are  fastened  two  capillary  tubes. 
A  hand  lever  is  connected  with  the  gears.  The  tubes  for  measuring  the 
blood,  graduated  into  100  equal  divisions.  are  50  millimetres  in  length, 
with  a  lumen  of  J  millimetre  diameter. 

Technic. — A  piece  of  rubber  tubing  \vith  a  mouth-piece  is  attached 
to  one  end  of  the  graduated  tube.  Blood  is  sucked  into  the  pipette 
until  completely  filled.  After  removing  the  rubber  tubing,  the  pipet tes 
containing  blood  are  fastened  into  the  metal  frame  and  immediately  the 
handle  of  the  instrument  is  turned  for  3  minutes,  at  the  rate  of  about 
77  revolutions  per  minute,  which  produces  the  speed  desired.  The 
centrifugal  force  separates  the  blood  into  three  layers;  the  one  most 
distant,  of  dark  red  color,  is  composed  of  erythrocytes,  the  middle  one, 
of  milky  color,  is  formed  of  leucocytes,  while  the  inner  clear  layer  con- 
sists of  plasma.  \Vith  normal  blood  the  column  of  erythrocyt€S  reaches 
to  the  graduation  marked  50  or  51;  each  division  of  the  scale  approx- 
imately  represents  100,000  corpuscles  per  cubic  millimetre.  Accurate 
estimations  of  the  number  of  cells  per  cubic  millimetre  is  impossible,  since 
the  size  of  the  erythrocytes  varies  in  pathological  conditions  and  because 
a  imiform  speed  is  almost  impossible  to  obtain.  Variations  in  the  cen- 
trifugal force  will  produce  differences  in  the  degree  of  compactness  of  the 
cells.  The  number  of  leucocyt«s  can  only  be  roughly  estimated  when 
there  is  a  marked  increase,  as  in  leukaemia,  but  under  normal  conditions 
or  pathological  states  with  slight  or  moderate  variations  the  leucocytic 
layer  is  too  indistinct  to  warrant  an  opinion  as  to  their  number.  The 
pipettes  of  this  instrument  should  be  cleaned  immediately  after  using  by 
passing  a  fine  \vire  through  the  lumen,  then  washing  with  water,  followed 
by  alcohol  and  ether. 

Volume   !ndex. — Volume  index,  the  term   applied  to  represent  the 
average  volume  oi  the  erythrocyte,  is  determined  by  dividing  the  pei^ 
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centage  volume,  as  estimated  with  the  haematocrit,  by  the  percentage  of 
the  erythrocytes  per  cubic  millimetre,  obtained  with  the  haemocy  to  meter. 

Estimation  ol  Specific  Gravity. — An  accurate  estimation  of  the 
specific  gravity  of  the  blood  can  be  obtained  by  Schmaltz's  method,  which 
consists  of  weighing  a  dry  pipette  iipon  a  sensitive  balance.  The  pipette 
is  then  filled  with  water  and  the  weight  determined.  After  cleaning  and 
dr)ring,  the  pipette  is  filled  with  blood  and  again  weighed.  From  these 
figures  the  specific  gravity  is  calculated. 

Hammerschlag^s  Method.  —  Hammerschlag's  modification  of  Roy's 
method  is  based  upon  the  principle  of  siispending  a  drop  of  blood  in  a 
liquid  having  the  same  specific  gravity.  The  specific  gravity  of  the  sus- 
pension  fluid  is  then  determined  with  a  hydrometer,  which  corresponds 
to  that  of  the  blood. 

Technic. — Pour  benzol  and  chloroform  into  an  hydrometer  j  ar,  in 
such  proportions  as  to  secure  a  mixture  having  a  specific  gravity  of 
about  1.060.  Partially  fill  a  pipette,  or  medicine  dropper,  with  blood 
and  insert  it  into  the  benzol-chloroform  solution;  expel  a  droplet  into 
the  fluid.  If  the  blood  is  lighter  than  the  mixture,  it  will  rise  to  the 
top.  Benzol  should  then  be  added  and  the  fluid  carefully  stirred  with  a 
glass  rod  until  the  blood  is  suspended  in  the  mixture.  The  specific  grav- 
ity  of  the  benzol-chloroform  solution  is  next  determined,  which  corre- 
sponds to  that  of  the  blood.  If  the  specific  gravity  of  the  blood  is  greater 
than  that  of  the  benzol-chloroform  mixture,  causing  the  blood  to  sin  k, 
the  addition  of  chloroform  is  necessary  to  cause  suspension.  This  method 
of  determining  the  specific  gravity  is  seldom  employed  in  clinical  work, 
as  it  is  tedious  and  as  errors  of  technic  are  readily  made.  The  specific 
gravity  ranges  of  the  blood  correspond  quite  ch)sely  to  definite  haemoglobin 
percentages;  notable  exceptions  to  this  rule  are  found  in  progressive  per- 
nicious  ana?mia,  where  the  haemoglobin  percentage  is  slightlv  higher  than 
the  specific  gravity  indicates,  while  in  leukaemia  the  reverse  is  observed. 
Hammerschlag^s  scale  of  specific  gravity  ranges  with  equivalent  haemoglobin 
percentages  is  as  follows: 

Spec.  Gravity.  Haemoglobin. 

I.a33-1.035 25-:i0  per  cent. 

1.035-1.038 30-35  per  cent. 

1.0:J8-1.040 35-40  per  cent. 

1.040-1.045 40-45  i)er  cent. 

1.045-1.048 45-55  per  cent. 

1.048-1.050 55-G5  per  cent. 

1.050-1.053 ()5  70  \)eT  cent. 

1.053-1 .055 70-75  \^r  cent. 

1.055-1.057 75-S5  per  cent. 

1.057-1.060 85-95  i)er  cent. 

Estimation  of  tlie  Time  of  Coagulation. — As  a  number  of  condi- 
tions  influence  the  rapidity  with  \vhich  coagulation  of  the  blood  occurs 
after  it  is  withdrawn  from  the  blootl-vessels,  such  as  the  amount  of  blood 
and  the  temperature,  the  results  obtained  by  different  methods  of  deter- 
mining the  clotting  time  are  not  available  for  comparative  studies.  In 
this  conneetion  it  should  also  be  borne  in  mind  that  the  factors  which 
control  intra-  and  extrava8cular  coagulation  are  in  aH  likcUKood  dv^'s\^xv\\»;x» 
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Method  of  Russell  and  Brodie. — The  coagulation  tirne  is  deter- 
mined  by  mieroscopical  8tudy  of  the  blood.  The  apparatus  needed  for 
this  method  is  provided  with  a  moist  chambcr  having  a  glass  bottom.  A 
reniovable  glass  cone  (the  lower  surface  of  whieh  is  4  mm.  in  diameter) 
forms  the  upper  portion  of  the  chamber.  A  current  of  air  is  introduced 
into  the  chamber  by  means  of  a  small  tube  one  end  of  which  projects  into 
the  celi,  while  to  the  other  end  is  attached  a  rubber  tube  supplied  with  a 
bulb.  Boggs's  coagulometer,  a  modification  of  the  instrument  j  ust  de- 
scribed,  is  equipped  with  an  improved  glass  cone  and  a  metal  tube. 

Technic, — A  drop  of  blood  is  placed  upon  the  lower  surface  of  the 
cone  which  is  then  immediately  fitted  into  the  chamber.  The  instrument 
is  then  put  upon  the  stage  of  the  microscope  and  with  a  low-power  objec- 
tive  the  blood  is  brought  into  focus.  At  successive  intervals  the  blood  is 
agitated  by  means  of  the  current  of  air  sent  into  the  celi  from  the  bulb. 
It  will  be  noted  that  at  first  the  stream  of  air  cau^es  the  corpuscles  to 
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Fio.  101. — Diagram  to  illustrate  the  znovement  of  tba 
oella  during  ooaculation. — ^Emeraon. 


Fia.  100. — C<Metilometer  of  Ruflsell  and 
Brodie  as  modified  by  Bogga.  A.  moist  cham- 
ber :  B,  oone  of  glass,  the  lower  surface  of  which 
holds  the  drop  of  blood ;  C,  side  tube ;  D  and 
B,  cover-glass ;  at  £,  a  pmhole. — ^Emerson. 

move  freely.  A  little  later  clumps 
form  in  the  peripheral  zone  of 
the  blood  and  these  can  be  ad- 
vanced  by  the  air  current.  Then 
as  clotting  progresses  masses  of 
blood-cells  cease  to  move  freely,  the  drop  alters  its  shape,  and  the  cor- 
puscles exhibit  a  concentric  motion.  Lastly,  a  radial  movement  appears, 
clumps  of  cells  being  displaced  by  the  air  current  towards  the  centre  and 
these  quickly  rctum  to  their  original  position.  Clotting  is  now  considered 
complete.  The  normal  coagulation  time  as  determined  by  this  method  varies 
from  three  to  eight  minutes,  the  average  time  being  about  five  minutes. 

Wrii;ht's  Method. — The  coagulometer  devised  by  Wright  consists 
of  a  cvlindrical  tin  vessel  provided  with  a  perforated  partition,  the  open- 
ings  of  which  are  so  arranged  as  to  support  twelve  graduated  tubes  and 
a  thermometer.  The  tubes  are  graduated  for  5  c.c.  of  blood,  and  are  num- 
bered  from  one  to  twelve. 

Technic. — Water  having  a  temperature  of  18.5®  C.  is  poured  into 
the  metal  container.  The  blunt  end  of  six  or  eight  of  the  tubes 
is  then  covered  with  a  rubber  cap.  The  tubes  are  then  placed,  closed 
end  downward,  into  the  water.  After  having  acquired  the  tempera- 
ture of  the  wat«r,  they  are  removed  8eparately  at  once  or  one-balf 
minute  intervals.  the  cap  taken  off,  fijled  with  6  c.c.  of  blood  and  imme- 
diately  replaced  into  the  water  without  reapplying  the  caps.    Attempts 
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at  short  intervala  are  made  to  dislodge  thc  blood  from  the  tubes  by  blow- 
ing.  When  the  blood  cannot  be  removed  from  one  of  the  tubes,  coagula- 
tion  may  be  considered  complete.  The  clotting  tirne  is  the  difference  of 
tirne  between  the  fiUing  the  tube  and  the  unsuccessful  attempt  to  expel 
its  contents.  With  this  instrument  the  coagulation  time  of  normal  blood 
in  most  instances  is  from  three  to  six  minutes,  although  the  period  may 
be  as  long  as  fifteen  minutes. 

Bacteriolosical  Examination.— There  are  two  methods  of  demonstrat- 
ing  bacteria  in  the  blood — one  by  an  immediate  miscroscopical  examination 
of  stained  fiims,  the  other  by  blood  cultm-ing.  The  former  plan  is  applicable 
only  in  a  limited  number  of  diseases  and  cannot  be  employed  as  a  routine 
procedure  because  the  blood  obtained  by  puncturing  the  skin  frequently  be- 
comes  contaminated  with  bacteria  which  are  normally  present  in  the  skin, 
especially  the  staphylococcu8  epidermidis  albus.  However,  this  method  has 
been  found  convenient  in  the  diagnosis  of  very  severe  cases  of  bubonic  plague. 
Films  can  be  prepared  by  placing  several  large  drops  of  blood  upon  a  slide  so 
as  to  secure  a  thick  spread.  Before  staining,  much  of  the  hemoglobin  may  be 
removed  from  the  dried  film  by  soaking  the  specimen  in  distilled  water.  Far 
more  reliable  results  are  obtained  by  removing  5-10  c.c.  of  blood  from  a  vein 
and  diluting  it  with  100  c.c.  of  bouillon.  From  this  mixture  the  bacterio- 
logical  investigations  are  then  made.  In  the  late  stages  of  anthrax  infection 
the  blood  may  show  a  large  number  of  bacilli  so  that  the  immediate  micro- 
scopical  method  may  give  positive  results.  In  this  disease  the  cultural  method 
gives  more  certain  results  than  the  8tudy  of  films  prepared  from  blood 
obtained  by  puncture  of  the  skin. 

Technic. — The  skin  of  the  flexor  surface  of  the  elbow  is  cleansed 
as  for  a  surgical  operation,  by  scrubbing  thoroughly  with  soap  and 
water,  washing  with  sterilized  water,  alcohol,  and  ether,  after  which  an 
antiseptic  dressing  is  applied  and  allowed  to  remain  for  six  or  eight 
hours.  The  operator,  having  prepared  his  hands,  should,  after  removing 
the  antiseptic  dressing,  wash  the  skin  with  sterilized  water.  A  syringe 
(of  moderate  size  like  the  instrument  used  for  exploratory  puncture) 
or  a  special  "blood  aspirator''  is  required  to  remove  the  blood  from 
the  vein.  A  most  useful  instrument  employed  by  many  workers  con- 
sists  of  a  graduated  glass  tube  having  a  capacity  of  about  10  cubic 
centimetres,  one  end  of  which  is  fitted  to  a  No.  42  hypodermic  needle, 
and  into  the  other  end  a  small  plug  of  cotton  is  inserted.  In  order 
to  sterilize  the  instrument,  it  is  placed  in  a  large  glass  tube,  the  ends  of 
which  are  then  plugged  with  cotton.  After  sterilization  a  piece  of  rubber 
tubing  is  fastened  to  the  end  of  the  aspirator  containing  the  cotton.  A 
bandage  is  wound  around  the  arm  of  the  patient  so  as  to  obstruct  the 
venous  circulation,  and  when  the  superficial  veins  at  the  elbow  become 
distended,  the  needle  of  the  syringe  or  blood  aspirator  is  inserted  into 
the  most  prominent  vessel.  The  piston  is  withdrawn  slowly  until  the  desired 
quantity  of  blood  is  obtained.  As  a  rule,  the  blood  flow8  freely  into  the  aspi- 
rator previously  described,  but,  should  this  not  be  the  čase,  a  sufficient  amount 
can  be  secured  by  making  suction  through  the  rubber  tube. 
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The  blood  is  placed  in  a  suitable  culture  medium.  Fluid  media  such  as 
bouillon  and  litmus  milk  are  generally  selected  for  tbe  primary  inocula- 
tions  when  certain  types  of  bacteria  are  suspected,  while  agar  may  be 
chosen  when  the  medium  is  to  be  plated.  One  or  two  cubic  centimetres 
of  blood  are  added  to  50  or  100  c.c.  of  fluid  medium  so  that  dilutions  of 
one  in  fifty  or  one  in  one  hundred  are  secured.  For  details  of 
bacteriological  technic,  which  do  not  f  ali  within  the  scope  of  this 
work,  special  treatises  on  bacteriology  should  be  consulted. 

As:s:lutination  Reaction. — The  blood  in  certain  stages  of 
typhoid  fever,  and  often  after  the  attack,  possesses  the  prop- 
erty  of  checking  the  motility  of  typhoid  bacilli  and  causing 
these  organisms  to  form  into  clumps.  This  agglutination 
phenomenon  is  so  pronounced  that  high  dilutions  of  blood, 
as  one  in  fifty  or  one  hundred,  or  even  higher,  give  positive 
results.  The  blood  in  similar  dilutions  in  other  diseases  and 
in  health  does  not  act  in  this  manner  with  typhoid  bacilli. 
With  low  dilutions,  however,  a  positive  agglutination  reaction 
is  often  present  with  normal  or  abnormal  blood.  In  a  number 
of  diseases — as  pneumococcal  and  streptococcal  infections, 
paratyphoid  fever.  Malta  fever,  tuberculosis,  cholera,  plague, 
relapsing  fever,  glanders,  and  others — specific  agglutination 
reactions  have  been  obtained.  The  agglutination  test  is 
chieflv  employed  in  the  diagnosis  of  typhoid  and  paratyphoid 
fevers  and  is  generally  spoken  of  as  the  Widal,  Gruber- Wid al. 
or  Pfeiffer-Widal  reaction.  For  this  test  two  methods  are 
available,  (1)  the  microscopic  and  (2)  the  macroscopic.  In 
typhoid  fever  the  agglutination  reaction  is  positive  in  about 
97  per  cent.  of  the  cases  during  the  course  of  the  disease, 
manifesting  itself  in  a  majority  of  them  about  the  end  of  the 
first  or  during  the  second  week,  in  a  few  instances  as  early 
as  the  third  or  fourth  day,  while  in  others  it  is  not  obtained 
until  the  attack  is  far  advanced,  and  it  often  persists  long 
after  convalescence.  The  intensity  of  the  reaction  varies  in 
different  cases.  Positive  reactions  are  obtained  with  dilu- 
tions as  high  as  1:200.  In  some  instances  the  reactions  occur 
almost  in8tantly,  while  in  others  the   stoppage  of   motility 

I  and  clumping  take  plače  slowly. 

1.  Microscopical  Serum  Test. — This  test  may  be  per- 
formed  with  fluid  blood,  blood-serum,  or  dried  blood. 

Technic. — Preparing  CuHures. — From  a  slant  agar  growth 
of  typhoid  bacilli,  preferably  not  older  than  one  month,  sub- 
cultures  are  made  in  sterile  bouillon  and  incubated  at  blood 
heat  for  8  to  12  hours,  when  they  are  ready  for  use.  The  stock  culture 
should  be  kept  in  a  cool  plače.  Some  workers  prefer  a  suspension  of 
typhoid  bacilli  in  salt  solution  made  by  placing  a  loopful  of  a  twenty-four 
hour  agar  growth  in  saline  solution.  The  tube  containing  the  fluid  is 
agitated  until  a  uniform  suspension  of  the  germs  is  obtained. 

CoUecting  and  DiltUing  Serum.  —  A   capillary   pipette,  suitable   for 
measuring  the  blood,  is  made  from  a  piece  of  glasa  tubing  about  30  cm. 


Fio.  102.— 
Capillary 
pipette. 
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ID  length  and  5  or  6  mm.  in  diameter.  The  middle  portion  of  this  tube 
ifl  heated  in  the  Bunsen  flame,  rotating  continuou8ly  in  its  long  axis  until 
the  glass  is  thoroughly  softened  over  3  to  6  centimetres  of  its  lengtli; 
remove  from  the  flame  and  draw  the  two  ends  apart  with  a  Bteady  uniform 
puU  80  that  the  heated  portion  tapers  into  a  long  capillary  tube.  By 
melting  the  middle  of  the  capillary  tube  in  the  fiame,  two  pipettes 
with  the  capillary  end  sealed  off  are  made.  A  Wright'3  hlood  cnpsule, 
ahowii  in  Fig.  103,  \vill  be  found  convenient  for  collecting  the  blood. 
Preparing  tke  Serum. — The  patient's  finger-tip  is  cleansed  and 
rubbed  bi-iskly  so  as  to  produce  hypera!mia.  A  puncture  is  tlien  made 
of  sufficient  size  so  as  to  insure  a  good  flow  of  blood.  The  sealed  tips 
of  a  Wright's  capsule  are  broken  off,  and  the  end  of  the  short  curved 
portion  of  the  capsule  is  placed  into  the  blood  as  it  issues  from  the 
small  wound,  the  body  of  the  tube  slanting  downward  so  as  to  allow 
the  blood  to  enter  by  gravity.  The  capsule  is  partly  filled  (1  or  jf 
full).  The  tip  of  the  longer  arm  is  sealed  off  by  heating  in  a  flame. 
When  properly  cooled,  the  blood  is  shaken  down.  The  other  end 
may  then  be  closed  to  prevent  evaporation,  if  the  test  is  not  made 
immediately.  The  capsule  is  now  hooked  upon  the  Hm  of 
a  centrifuge  tube  and  centrifuga) i zed  until  clear  serum  sepa- 
raten. Slight  turbidity  of  the  serum  does  not  interfere  with  ^^ 
the  test.  The  capsule  eontaining  the  centrifugaJized  blood  is  ^^^ 
o}>ened  by  filing  a  groove  into  the  glass  tube  above  the  level  fio.  lo 
of  the  serum  and  breaking  off  the  end.  The  fine  end  of  a  X^Ht.— Eme 
capillary  pipette  (having  previously  lieen  broken  off  the  sealed 
tip)  is  inserted  into  the  capsule  and  the  serum  drawn  into  the  tube.  The 
blood -serum  may  be  diliited  and  mixed  with  the  culture  in  watch  crystal3 
or  in  a  porcelain  plate  having  a  number  of  cup-shaped  depressiona  as  shown 
in  Fig.  104.  One  drop  of  serum  is  now  placed  into  one  of  the  depressiona 
of  the  porcelain  plate.  Dilutions  of  the  serum  with  sterilized  normal 
salt  Bolntion  are  then  made.  The  capillary  tube,  having  been  cleaned 
with  salt  solution  or  water,  is  partly  filled  with  saline  fluid,  Into  the 
depressiona  eontaining  a  drop  of 
serum,  24  drops  of  salt  solution  are 
allowed  to  fall  from  the  pipette  and 
mixed,  thus  making  a  dilution  of 
1-25,  since  the  drops  from  the 
pipette  are  practically  of  the  same 
size.  Into  a  second  depression  are 
'"■  ""^^m™!'Md"^cf"riarl'ii]"u™?.™°'  ""  placed  5  drops  of  salt  solution 
and  5  drops  of  the  dilutetl  serum 
of  1-26,  aecuring  a  1-50  dilution.  More  accurate  result3  are  obtained 
by  meaauring  and  diluting  the  serum  in  a  Thoma-Zeiss  hjemocjtometer 
pipette.  Two  hanging  drop  preparations  are  prepared — one  from  each 
dilution — by  mixing  upon  a  cover-glass  a  platinum  loopful  of  bouillon 
culture  of  typhoid  bacilH  with  a  loopful  of  diluted  serum.  Since  each 
dilution  of  serum  is  agaln  diluted  to  },  the  proportiona  now  stand 
1-90  and  1-100.  The  cover-glasses  are  adjusted  upon  the  slides  and  the 
edges  of  the  slips  Burrounded  by  petrolatum  to  prevent  eNB.^T%X\Q\i.,    '^'na 
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preparations  are  aUowed  to  stand  at  room  temperature  for  exactly  one 
hour.  In  order  to  secure  correct  resulta,  it  is  essential  that  the  inotiiity 
of  the  bacilli  should  be  active,  and  the  density  of  the  cuiture  be  uniform 
and  not  shovr  clump-like  gatherings. 

Recording  Resulta. — At  the  end  of  one  hour,  the  hanging.drop  Blidee 
are  examined  micro3Copically.  When  motion  of  the  bacilli  is  found  absent 
and  clumping  good  in  both  alides,  the  reaction  is  termed  "positive,"  but 
when  the  free  motion  without  clumping  of  bacteria  is  noted,  the  test  is 
negative.  Variations  between  these  two  extremes  mav  be  recorded  ac- 
cording  to  the  judgment  of  the  examiner,  Thus,  if  1-50  show8  no  motion 
and  good  clumping,  but  1-100  exhibits  slight  motion  and  only  fair  clump- 
ing, the  reaction  may  be  called  "very  suggeative;"  or,  again,  if  1-50 
shovvs  slight  motion  and  poor  clumping,  while  1-100  free  motion  and  no 
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clumping,  the  reaction  mav  be  called  "slightlv  suggestive."     It  is  best 
to  indicate  definitelv  the  resulta  of  cach  dilution,  as  for  example: 


This  allows  the  diagnostician  to  form  his  own  conclusions  and  does 
away  with  dogmatic  assertions,  such  as  "  \Vidal  positive"  or  "Widal 
negative,"  which  are  so  often  a  matter  of  personal  equation  upon  the 
part  of  the  laboratory  worker. 

The  liquid  serum  method,  unfortunatelv,  cannot  ahvavs  be  employed 
by  phvsicians  in  active  practice,  The  microacopical  test  mav  l>e  carried 
out  with  blood  collected  upon  a  piece  of  paper,  or  u|>on  n  slide  and  allon-ed 
to  dry,  after  which  the  test  may  be  made  at  anv  tirne.  The  blood  secured 
in  this  manner  is  moistened  and  disso!vedinstcrihzedwater,anii  then  diluted 
and  mixed  with  the  cuiture  in  the  desired  proportions.  It  is  obvious  that 
accurate  diluUons  are  imposaible,  an  objection  to  this  method. 

2.  Macroscoplcal  Serum  Test.  —  By  aspirating  a  vein,  a  sufficient 
amount  of  blood  is  collected  in  a  sterile  test-tube  and  allowed  to  clot, 
ao  aa  to  separate  the  serum,  or  the  blood  may  be  centrifiigateii.     The 
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serum  is  mjxed  with  salt  solution  and  bacterial  ciilture  in  the  desired  pro- 
portions  (1-60  or  1-100).  In  the  čase  of  a  positive  reaction  a  flakv  precipi- 
tate  will  separate  with  a  clear  supematant  fluid,  while  a  negative  reaction 
shows  uniform  turbidity  of  the  fluid.  The  macroscopical  test  may  also 
be  performed  by  mixing  bouillon  and  serum  in  proper  dilutions  and  inocu- 
lating  the  mixture  with  a  loopful  of  a  broth  culture.  The  presence  of  a  pre- 
cipitate  in  the  tube  at  the  end  of  twenty-four  hours'  incubation  signifies 
a  positive  result.  The  chief  objection  to  the  macroscopic  method  is  the 
relatively  large  amount  of  blood  required.  The  microscopic  test  is  gen- 
erally  employed  in  clinical  work.  The  macroscopical  test  may  also  be 
performed  with  dead  cultures  of  the  bacilli.  The  principle  of  the  Ficker 
"Typhus  Diagnosticum'*  is  based  on  mixing  a  dead  culture  with  diluted 
blood-serum.  Bacilli  in  liquid  media  killed  with  carbolic  acid  or  formalin 
are  also  employed  for  this  test. 

Opfionic  Index  of  the  Blood  and  Its  Determination.  —  Leishman 
in  1902  devised  a  method  for  estimating  the  phagocytic  activity  of  the 
leucocytes.  Extensive  researches  upon  this  subject  have  recently  been 
made  by  Wright  and  Douglas,  and  many  other  investigators.  Opsonins 
are  substances  within  the  blood  which  prepare  bacteria  for  ingestion  by 
the  white  cells.  The  power  of  the  leucocytes  alone  to  ingest  bacteria,  the 
80-called  "spontaneous"  phagocytosis,  has  been  shown  to  be  very  slight, 
and  the  role  played  by  them  in  fighting  diseases  is  merely  as  scavenger, 
collecting  bacteria  acted  upon  by  the  opsonins.  Opsonins  do  not  stim- 
ulate  or  otherwise  affect  the  leucocvtes.  These  substances  are  destroyed 
by  a  temperature  of  65*^  C.  for  ten  minutes. 

Technic.  —  The  special  technic  used  for  the  determination  of  the 
opsonic  power  of  the  blood  may  be  briefly  set  forth  as  follows:  There 
must  be  on  hand  for  the  test  (1)  an  emulsion  of  the  bacteria  in  salt  solution, 
(2)  washed  white  blood-cells,  taken  from  any  source,  (3)  serum  from  the 
patient^s  blood,  and  (4)  serum  of  normal  blood  or  from  a  mixture  of  healthy 
bloods  taken  as  a  standard  control. 

Preparing  the  Bacterial  Emulsion. — The  micro-organisms  for  the  test 
are  inoculated  upon  culture  medium.  For  some  forms  of  bacteria,  as  the 
Staphylococcus  aureus,  an  agar  medium  is  selected.  After  twenty-four 
hours  of  incubation  at  37°  C.  a  fair-sized  colony,  found  on  the  culture 
medium,  is  removed  and  mixed  with  a  sterile  .85  per  cont.  salt  solution. 
The  resulting  bacterial  emulsion  is  dra\vn  up  and  (lown  in  a  small  pipette 
by  means  of  rubl>er  teat.  The  emulsion  is  set  aside  for  a  few  minutes  so 
as  to  allow  the  bacterial  clumps  to  settle.  The  supernatant  liqui(l  is  then 
removed  and  diluted  to  the  desired  density.  Centrifugalizing  may  be  neces- 
sary  to  separate  bacterial  clumps.  With  bacteria  not  readilv  emulsified, 
such  as  tubercle  bacilli,  grinding  between  glass  plates  or  in  an  agate  mortar 
is  require(l  to  disintegrate  the  masses.  The  emulsion  in  čase  of  tubercle 
bacilli  mav  be  made  from  frcsh  cultures  or  from  drv,  dead  germs,  such  as 
are  obtained  in  the  production  of  tul)erculin.  Tubercle  bacilli  are  best 
emulsified  with  a  1.5  per  cent.  salt  solution.  The  proper  density  is  one 
which  on  mixture  with  a  normal  serum  and  with  the  leucocytes  in  equal 
proportions  will  sho\v  that  aftor  incubation  an  average  of  5  or  6  germs 
have  been  phagocytozed  by  cach  leucocyte.     The  deusity  ^(  1\\^  ^\.^\\^^x4. 
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bacterial  mixture  mav  be  fixed  by  McFarland^s  nephelometer,  or  by  count- 
ing  the  bacteria  in  a  given  amount  of  emulsion  in  a  Thoma-Zeiss  count- 
ing  chamber. 

Obiaining  the  Wash€d  Leucocytes. — A  test-tube  is  filled  two-thirds  full 
with  an  aqueous  solution  containing  1.5  per  cent.  sodium  citrate  and  .85  per 
cent.  sodium  chloride.  The  finger  is  pricked  and  8  to  12  drops  of  blood 
are  allowed  to  fall  into  the  tube.  The  solution  is  shaken  and  then  the 
tube  is  placed  in  an  electric  centrifuge  and  centrifugah zed  for  6  minutes 
at  a  speed  of  1500  to  2000  revolutions  per  minute.  The  citrate  defibrin- 
ates  the  blood  and  prevents  clotting,  while  the  sodium  chloride  solution 
washes  the  cells  free  of  serum.  Upon  removal  from  the  centrifuge,  the 
tube  is  found  to  contain  a  compact  sediment  of  blood-cells  with  a  clear 
or  very  slightly  cloudy  supernatant  fluid  which  consists  of  serum  and 
salt  solution.  Overlying  the  surface  of  the  red  sediment  will  be  found 
a  whit^  coating  termed  the  "  creamy  layer/'  which  is  formed  principally 
of  white  cells.  The  clear  supernatant  fluid  is  now  drawn  oflf  with  a  capil- 
lary  pipette  by  means  of  a  rubber  bulb.  The  layer  of  leucocytes,  which 
contains  some  red  cells,  is  now  carefully  removed  from  the  compact  layer 
of  erythrocytes  with  the  capillary  pipette  and  placed  in  a  small  glass 
tube  having  a  sealed  end.  The  leucocytes  may  be  washed  with  saline 
solution  several  times  in  order  to  remove  the  sodium  citrate.  This  is 
accomplished  by  plaeing  the  leucocytes  in  a  centrifuge  tube  or  small  test- 
tube  and  partly  filling  it  with  .85  per  cent.  salt  solution.  The  tube  is 
then  centrifugalized,  after  which  the  supernatant  fluid  is  removed  with  a 
pipette.     This  operation  may  be  repeated. 

Obiaining  the  Serum. — A  Wright'8  capsule  is  filled  two-third8  full  of 
blood,  obtained  from  the  patient,  and  centrifugalized  until  the  serum  is 
clear.  Serum  must  also  be  obtained  from  normal  blood.  Having  on  hand 
the  bacterial  emulsion,  washed  corpuscles,  and  serum,  the  main  part  of 
the  test  may  be  carried  out.  By  means  of  a  capillary  pipette,  equal 
amounts  of  bacterial  emulsion,  white  blood-cells,  and  serum  are  measured, 
and  the  fluid  mixed  on  a  slide  or  watch  crystal  by  drawing  the  material 
up  and  forcing  it  down  the  capillarv  pipette.  The  fluids  are  measured 
in  the  following  manner:  The  rubber  teat  attached  to  the  pipett«  is 
compressed,  and,  by  gently  relaxing  the  pressure,  white  cells,  bacterial 
emulsion,  and  serum,  in  the  order  named,  are  drawn  into  the  capillary 
bore  up  to  the  mark  indicated  by  the  pencil  mark,  each  column  being 
separated,  by  a  small  air  bubble.  Two  pipettes  are  necessary  for  one  test, 
one  for  the  patient's  serum,  the  other  for  the  control  serum.  A  special 
pipette,  supplied  with  a  rubber  teat,  is  often  used  to  measure  and  mix 
the  bacterial  emulsion  serum  and  washe<I  leucocyte8,  and  is  constructed  in 
such  a  manner  as  to  allow  the  worker  a  means  of  controUing  accurat-ely 
the  amount  of  fluids  drawn  up  in  the  long  arm  of  the  pipette  and  of 
mixing  the  contents  afterwards.  The  sealed  tip  of  a  capillary  pipette 
having  been  broken  off  squarely,  a  pencil  mark  is  made  2  or  3  cm.  above 
its  extremity.  After  the  ingredients  are  thoroughly  mixed,  the  fluid  is 
drawn  into  the  pipette  and  its  end  sealed  in  the  flame.  The  tube  is  then 
placed  in  the  incubator  at  37^  C.  for  16  minutes.  In  a  like  manner,  the 
eoDtrol  test  ia  prepared  with  equal  amounts  of  white  corpuscles,  bacterial 
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emulsion,  and  normal  serum,  which  are  also  ineubated.  After  ineubation 
the  end  of  the  pipette  is  broken  off  and  the  contents  are  run  up  and  down 
«o  as  to  mix  thoroughly.  Smear  preparations  are  made  of  the  material 
f rom  each  pipette  upon  slides  or  cover-glasses.  After  fixation  the  smears 
are  treated  with  any  reliable  stain,  sueh  as  Leishman^s,  which  brings  out 
di8tinctly  the  leueocytes  and  baeteria.  For  tuberele  bacilli,  earbol  fuchsin 
and  Gabbetfs  or  Pappenheim's  stain  may  be  employed.  The  specimens 
are  now  examined  with  an  oil-immersion  lens.  The  number  of  baeteria 
in  100  typieal  polymorphonuclear  neutrophiles  is  determined  in  both  speci- 
mens. The  average  number  of  baeteria  per  leueoeyte  is  then  ealeulated  for 
each  specimen,  which  constitutes  the  phagocytic  index.  The  phagocytic 
index  of  the  patient's  serum  divided  by  the  phagocytic  index  of  the  normal 
or  control  serum  gives  the  opsonic  index.  The  test  can  only  be  earried  out 
properly  in  a  well-equipped  laboratory  by  one  who  has  mastered  opsonic 
technic.  The  strength  of  the  bacterial  emulsion,  the  length  of  ineubation, 
the  age  of  the  ingredients  employed,  and  the  personal  equation  are  some  of 
the  factors  which  influence  the  results.  Opsonic  index  is  employed  in  the 
diagnosis  and  prognosis  of  certain  infectious  diseases  and  in  gauging  the 
dose  and  the  frequency  of  administration  of  bacterial  vaccines.  After  the 
injection  of  therapeutic  doses  of  bacterial  vaccines,  the  index  is  seen  pri- 
marily  to  fall  and  soon  afterwards  to  rise  above  the  normal.  The  initial  fall 
constitutes  the  **  negative  phase"  and  the  rise  the  **positive  phase."  The 
vaccine  should  not  be  repeated  until  the  negative  phase  has  passed  into  the 
positive,  and  this  can  only  be  gauged  by  repeated  observations  of  the  index. 
The  value  of  the  opsonic  index  for  therapeutic  or  diagnostic  purposes  has 
not  been  definitely  settled. 

Test  for  the  Detection  of  Qlucose  in  the  Blood. — The  presence  of 
liyperglyccemia  is  so  important  clinicallv  that  the  amount  of  sugar  in  the 
blood  must  be  determined  exactly.  The  Levvis-Benedict  method  gives  a  very 
accurate  estimation.  The  red  color  secured  by  heating  a  glucose  solution 
with  picric  acid  and  sodium  carbonate  is  used  as  a  basis  of  the  colorimetric 
determination. 

Technic. — Dilute  2  c.c.  of  blood  with  8  c.c.  of  water  and  add  15  c.c. 
of  a  concentrated  picric  acid  solution.  The  proteins  are  precipitated. 
Filter ;  add  2  c.c.  of  concentrated  picric  acid  solution  and  1  c.c.  of  10  per 
cent.  sodium  carbonate  to  8  c.c.  of  the  filtrate.  Evaporate  to  a  small  volume 
or  to  dryness,  add  a  small  amount  of  water  and  bring  to  the  boiling  point. 
Transfer  to  a  10  c.c.  flask  and  make  up  the  volume  by  addition  of  water, 
filter  and  compare  in  a  Duboscq  colorimeter  \vith  a  standard  picramic  acid 
solution  that  ia  so  prepared  as  to  correspond  in  color  to  that  produced  by 
0.64  mg.  of  dextrose  under  conditions  described  in  test.  According  to  these 
authors  the  blood-sugar  content  of  healthy  persons  averages  about  0.1  per 
cent. 

Test  for  the  Determination  of  Acetone  in  the  Blood. — Dilute  10  c.c.  of 
blood  with  40  c.c.  of  a  .5  per  cent.  solution  of  pot^ssium  oxalate  and  disrtil 
15  c.c.  from  this  mixture.  Acidulate  \vith  H.SO^  and  re-distil  5-8  c.c.  The 
acetone  is  in  the  second  distillate.  Determine  its  presence  and  quantity  by 
the  iodoform  method  of  estimation. 
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Qeneral  Results  of  Blood 

Volume.  —  The  blood,  which  forms  from  4  per  cent.  to  7  per  cent. 
of  the  total  body  weight,  is  a  highly  specialized  tissue,  consisting  of  eryth- 
rocytes,  leucocytes,  blood-plaques,  and  haernokonia,  suspended  in  a  liquid 
matrix,  the  plasma.  In  health  the  total  volume  of  blood  varies  within 
narrow  Hmits.  The  view  formerly  entertained  that  an  increase  in  the 
total  amount  is  constantly  present  in  some  individuals — plethora — is  not 
sustained  by  recent  researches.  Oligcemia,  or  a  decrease  in  the  total  qiian- 
tity, — e.g.,  due  to  a  copious  hemorrhage, — persists  only  for  a  short  time 
after  the  bleeding,  as  the  volume  is  rapidly  brought  up  to  its  normal 
standard  by  the  absorption  of  fluid  from  othcr  tissues,  which  dilutes  the 
remaining  blood,  producing  a  condition  termed  hydr<Bmia  or  scrous  pleth- 
ora. Rapid  abstraction  of  watery  elements  from  the  blood  by  sweating, 
diarrhoea,  or  vomiting  causes  a  transitory  increase  in  its  density,  known 
as  anhydrcemia. 

Color. — The  color  of  the  arterial  blood  is  bright  red,  due  to  the  presence 
of  a  large  amount  of  oxyhfiemoglobin,  while  that  of  venous  blood,  which 
contains  less  oxyh3Bmoglobin  and  much*  carbon  dioxide,  is  dark  red  or 
purple.  In  some  pathological  states,  as  in  diabetes  mellitus  and  in  leu- 
kaemia,  the  blood  often  has  a  milky  tint;  a  peculiar  chocolate  color  is  some- 
times  imparted  to  the  blood  by  poisoning  with  potassium  chlorate,  nitro- 
benzol,  and  hydrocyanic  acid.  Imperfect  aeration,  encountered  in  some 
diseases  of  the  respiratory  organs  and  heart  and  in  chronic  polycythaemia 
with  splenic  enlargement  (Osler's  disease),  causes  dark  red  blood  similar  to 
the  color  of  venous  blood.   In  carbon  monoxide  poisoning  it  is  bright  scarlet. 

Reaction. — The  reaction  of  normal  blood  is  alkaline.  The  degree  of 
alkalescence  varies  consjderably  both  in  health  and  in  disease.  None  of 
the  methods  of  determining  the  intensity  of  this  reaction  has  been  gen- 
erally  adopted  for  routine  clin^^cal  purposes,  and,  as  the  result«  of  various 
methods  are  not  uniform,  comparative  studies  by  different  observers  are 
in  the  main  inaccurate.  The  adoption  of  some  standard  technic  may 
establish  definite  results,  but  up  to  the  present  time  the  data  bearing 
upon  this  subject  are  insufficient  to  warrant  positive  opinions.  Stati.stics 
Indicate  that  the  alkalinity  is  lowered  in  many  pathological  conditions, 
notably  in  diabetic  coma,  in  many  of  the  infectious  diseases,  especially 
in  Asiatic  cholera,  in  organic  hepatic  disease,  in  ura>mia,  in  cachectic  states, 
in  a  considerable  group  of  skin  aflfections,  in  poisoning  by  mineral  acids,  and 
in  a  number  of  other  conrhtions.  In  chlorosis  and  rheumatic  fever  it  has 
been  found  increased. 

Specific  Qravity.  —  The  specific  gravitv  of  normal  blood  is  about 
1.060.  It  fluctuates  slightly  in  health,  \vhile  in  disease  there  are  wide 
oscillations.  The  specific  gravitv  range  is  (lecide(lly  influenced  by  the 
amount  of  ha^moglohin,  and  so  close  is  the  relation  between  the  two  that 
an  approximate  ha^moglobin  estimation  can  be  made  by  determining 
its  specific  gravitv.  Exceptions  to  this  rule  are  found  in  the  čase  of  leu- 
k«mia,  in  which  the  range  of  specific  gravity  would  indicate  a  higher 
hemoglobin  value  than  actually  exists,  while  in  pemicious  anaemia  the 
reverse  is  true. 
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Coagulation  of  the  Blood.  —  Within  a  short  tirne  after  blood  has 
been  withdrawn  from  the  circulation  of  a  healthy  individual,  it  under- 
goes  coagulation,  a  process  which  determines  the  formation  of  fibrin  and 
the  separation  of  a  clear,  straw-colored  fluid,  the  blood-serum.  In  a  num- 
ber  of  diseases  considerable  importance  is  attached  to  the  determination 
of  the  time  required  for  clotting.  Delayed  coagulation  is  encountered 
in  persons  suffering  from  obstructive  jaundice,  purpura,  scurvy,  and  haemo- 
phih'a.  In  pernicious  ansernia,  in  some  cases  of  leuksemia,  and  at  times 
in  Hodgkin*s  disease,  the  rate  of  coagulation  is  prolonged.  In  some  of 
the  infectious  fevers,  and  in  acute  inflammation  attended  \vith  abscess 
formation,  clotting  is  retarded,  while  in  chlorosis,  pneumonia,  and  scavlet 
fever  it  is  rapid. 

The  Plasma. — The  plasma,  a  complex  albuminous  body;  which  holds 
in  suspension  the  solid  elements  and  in  solution  many  organic  and  inor- 
ganic  compounds,  is  the  vehicle  through  which  substances  are  transported 
to  the  tissues  and  waste  products  carried  to  the  excretory  organs.  The 
plasma  also  holds  certain  bodies  possessing  antitoxic,  bactericidal,  ag- 
glutinative,  and  opsonic  properties.  Agglutinins  are  of  importance  in 
the  diagnosis  of  many  infectious  diseases,  as  in  enteric  fever,  paratyphoid 
infections.  Malta  fever,  cholera,  relapsing  fever,  and  dysentery.  Some 
observers  have  noted  this  reaction  in  tuberculosis,  pneumococcus  and 
streptococcus  infections,  plague,  and  leprosy. 

Erythrocytes.  —  The  red  blood-corpuscles  in  a  preparation  of  fresh 
blood,  taken  from  the  peripheral  circulation  of  a  healthy  person,  appear 
as  pale  yellowish-green,  non-nucleat^d,  flattened,  biconcave  cells  of  a 
circular  outline.  They  are  pliable,  somewhat  elastic,  non-amoeboid,  trans- 
parent, and  show  a  tendency  to  form  into  groups  or  roUs  when  withdravvn 
from  the  circulation,  and  consist  of  a  fine  stroma  which  holds  an  albu- 
minous iron  compound,  the  hsemoglobin.  Structural  alterations  of  these 
eells  occur  when  blood  is  removed  from  the  circulation.  They  occasion- 
ally  exhibit  amceboid  activity  and  may  undergo  disintegration,  fragmen- 
tation,  vacuolation,  and  crenation.  A  crenated  corpuscle  is  a  shrunken 
celi  from  which  knob-like  processes  project.  Structural  alterations  similar 
to  those  caused  by  withdrawing  the  blood  from  the  vessels  occur  within 
the  circulation  as  a  result  of  pathological  factors. 

Stalnlns:  Reaction  of  the  Erythrocyte.  —  The  normal  red  blood-cell, 
when  properly  fixed,  has  a  monochromatophilic  reaction,  showing 
a  selective  affinity  for  acid  dyes,  while  the  living  celi  does  not  absorb 
stains  (achromatophilic).  On  account  of  its  biconcavity,  the  central 
part  of  the  celi  stains  less  intensely  than  the  peripheral  zone.  The  long 
diameter  of  the  majority  of  the  healthy  cells  measures  about  7.5  microns, 
while  its  variations  are  between  6  and  9  microns. 

Haemogenesls  and  H«nioly8i8. — It  appears  to  be  definitely  established 
that  in  the  adult  the  red  bone-marrow  is  the  chief,  if  not  the  onlv  seat 
of  erythrocytic  formation.  The  colored  cells  develop  from  nucleated 
elements,  erythroblasts,  situated  along  the  walls  of  capinary  spaces  of 
the  marrow.  Some  authorities  contend  that  ervthroblasts  and  certain 
forms  of  immature  leucocytes  are  dcrived  from  a  common  ancestral  celi. 
The  spleen  and  lymphatic  glands  are  regarded  by  so\w^  ^a  ^viN^^^'^  <<>^ 
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erythrocytic  formation,  a  view  which  is  not  entertained  by  manv  writer8. 
The  fairly  uniform  number  maintained  in  the  circulating  blood  of  the 
healthy  individual  depends  upon  the  existence  of  a  parallelism  between 
the  rate  of  formation  and  the  rate  of  destruction.  Pathological  erythro- 
cytic  destruction,  unless  excessive  or  prolonged,  excites  augmentation 
in  the  activity  of  erythroblastic  multiplication  and  is  followed  by  an 
increase  in  the  output  of  red  cells  from  the  marrow.  Most  authorities 
maintain  that  the  liver  and  in  a  less  degree  the  spleen  and  the  gastro- 
intestinal  capillary  area  are  concerned  in  destroying  weakened,  degener- 
ated,  or  necrotic  cells,  while  some  hold  that  the  bone-marrow  also  has  a 
h8Bmolytic  function.  .The  coloring  material  derived  from  the  disintegrated 
cells  is  in  part  transformed,  in  the  liver,  into  bile  pigment  and  eliminated 
through  the  biliary  channels,  in  part  discharged  by  the  kidneys,  and  prob- 
ably,  to  a  considerable  extent,  stored  up  in  many  of  the  tissues  where  it 
is  available  for  future  needs  of  the  body. 

Number  of  Red  Blood-cells.  —  The  normaji  number  of  erythrocyte8, 
which  is  5,000,000  per  cubic  millimetre  for  an  adult  male  and  4,500,000 
for  an  adult  female,  is  subject  to  slight  variations  under  certain  phys- 
iological  conditions  and  to  pronounced  alterations  in  many  morbid  states. 
A  decrease  in  the  number  is  termed  oligocythoemiay  while  an  increase 
is  designated  polycythaTnia.  High  counts  are  at  times  an  indication  of  a 
decrease  in  the  volume  of  plasma  causing  a  relative  polycythffimia.  After 
blood  transfusion,  and  after  active  blood  regeneration,  a  temporary  rise 
may  be  noted.  PolycythsBmia  is  encountered  in  the  new-born,  where  it 
exists  for  some  days  after  birth — probably  not  exceeding  ten — in  indi- 
viduals  residing  in  high  altitudes,  and  in  robust  and  well-developed  per- 
sons.  Massage,  electricitv,  and  cold  bathing  may  also  induce  an  increase 
in  the  erythrocytes  in  the  peripheral  blood.  A  slight  reduction  in  the 
erythrocytes  is  brought  about  by  pregnancy,  menstruation,  and  lactation; 
it  is  also  met  with  in  poorly  nourished  individuals,  in  those  who  are 
fatigued,  and  during  the  period  of  digestion.  01igocythsemia,  due  to 
physiological  causes,  may  sometimes  be  accounted  for  by  temporary  dilu- 
tion  of  the  blood,  while  in  other  instances  an  absolute  decrease  in  the 
number  of  cells  oflfers  the  best  explanation. 

In  pathological  states  a  relative  transitory  increase  arises  when  the 
output  of  fluid  from  the  body  is  decidedly  in  excess  of  the  intake,  and 
is  therefore  conspicuous  in  diseases  associated  with  marked  polyuria,  as 
diabetes,  with  copious  sweating,  as  from  night  8weats  of  puImonary  tuber- 
culosis,  with  frequent  vomiting,  with  profuse  diarrhcea,  as  in  Asiatic  cholera, 
and  after  the  withdrawal  of  a  large  quantity  of  fluid  from  a  serous  cavity, 
which  rapidly  reaccumulates,  thereby  draining  the  blood  of  much  fluid. 
The  pathological  factors  responsible  for  oligocyth2emia  are  numerous, 
and  in  the  vast  majoritv  of  diseases  associated  with  lowered  counts  the 
reduction  depends  upon  increased  blood  destruction,  in  some  it  may  be 
due  to  defective  blood  formation,  or  to  a  combination  of  both  of  these 
factors,  while  in  others  a  slight  transitorv  decrease  is  brought  al>out  by 
blood  dilutjon — whenever  the  amount  of  fluid  taken  into  the  body  is 
above  the  output  of  liquid.  Lowered  erythrocytic  standarda  are  noted 
ta  the  primarv  anwimaa,  notably  pemicious  ansmia,  in  which  the  figure 
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often  falls  as  low  as  one  million,  and  in  occasional  instances  below  half 
a  million.  Secondarv  ansemias  arise  frora  a  great  variety  of  causes,  as 
from  infections  due  to  bacteria  and  animal  parasites,  metallic  poisoning, 
organic  visceral  disease,  hemorrhage,  and  many  others. 

The  H«nios:lobln.  —  Haemoglobin,  a  complex  albuminous  compound 
containing  iron  which  is  a  component  of  the  red  cells,  normally  exists 
in  two  chemical  states,  in  combination  with  oxygen  (oxyh8emoglobin) 
and  as  reduced  or  plain  haemoglobin.  Normal  blood  contains  aboiit  14 
per  cent.  of  hsemoglobin.  A  reduction  of  hemoglobin,  ter  med  oligochromce^ 
mia,  is  generally  associated  with  a  fall  in  the  number  of  erythrocytes. 
This  deficiency  of  eorpuscles,  as  a  rule,  is  not  so  marked  as  the  haemo- 
globin loss,  although  sometimes  the  number  of  colored  elements  remains 
normal;  rarely  there  is  a  proportionate  reduction  of  the  coloring  matter 
and  of  the  number  of  cells,  or  the  latter  may  even  show  a  greater  percent- 
age  reduction  than  the  haemoglobin.  An  insufficient  amount  of  haemo- 
globin in  the  eorpuscles  is  brought  about  by  an  effort  on  the  part  of  the 
bone-marrow  to  rapidly  regenerate  cells  at  the  expense  of  perfect  forma- 
tion  (i.e.,  after  or  during  rapid  haemolysis).  A  high  color  index  occurs  in 
pernicious  anaemia.  Investigations,  both  experimental  and  clinical,  have 
demonstrated  that  the  haemoglobin  rises  in  certain  anaemic  states  by  the 
administration  of  iron  compounds. 

Hcemoglobincemia,  the  term  which  implies  the  presence  of  haemo- 
globin in  solution  in  the  plasma,  is  due  to  a  number  of  causes,  and  is  at 
times  followed  by  the  excretion  of  haemoglobin  by  the  kidnevs  (haemo- 
globinuria).  The  disease  known  as  paroxysmal  haemoglobinuria  is  a 
striking  example  of  the  latter  condition.  .  Among  the  conditions  capable 
of  producing  haBmoglobinaemia  are  poisoning  by  sulphuric  acid,  nitro- 
benzol,  phenacetin,  acetanilid,  phenol,  hydrochloric  acid,potassium  chlorate, 
mushrooms,  and  snake  venoms.  Haemoglobintemia  is  excited  by  some  of 
the  infectious  diseases,  as  malarial  fever,  enteric  fever,  yenow  fever,  tvphus 
fever,  variola.  septicaemia,  diphtheria,  and  syphilis;  also  by  malignant 
jaundice,  8curvy,  sunstroke,  burns,  and  from  exposure  to  intense  cold. 

Methcemoglobinf  another  combination  of  oxygen  and  haemoglobin, 
is  a  component  of  some  pathological  bloods  and  is  present  in  poisoning 
with  such  substances  as  potassium  chlorate,  aniline,  amyl  nitrite,  potas- 
sium  permanganate,  antifebrin,  nitro-benzol,  hydrochinone,  potassium  ferro- 
cyanfde,  and  snake  venom.  Carbon  monoxide  haemoglol>ine,  which  occurs 
in  coal-gas  poisoning,  gives  the  blood  a  bright  scarlet  appearance. 

Abnormal  Erythrocytes.  —  Cells  exhiV)iting  abnormal  variations  in 
size  are  common  in  anaemic  states,  particularlv  small  ervthrocvtes  known 
as  microcyte8f  which  have  a  diameter  of  less  than  6  microns,  and  vvhen 
these  forms  predominate  in  the  blood  the  condition  is  termed  viicrocytosis 
or  microcythcemia.  This  change  is  conspicuous  in  chlorosis  and  in  some 
8econdary  anaemias  of  the  chlorotic  tvpe.  Minute  erythrocytes,  spherical 
in  form,  with  a  deeply  colored  protoplasm,  are  often  described  as  Eich- 
horst^s  eorpuscles.  Cells  measuring  more  than  9  microns  are  dosignated 
macrocyieH,  and  when  these  al)normally  large  forms  outnuml>er  other 
colored  elements  macrocyiosi8  or  macrocythcem\a  exists.  Tvpical  cascs 
of  pernicious  ana;mia  show  an  average  increase  in  the  me  ol  \.\\e  t^^  ^^'a*. 
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Rapid  or  defective  blood  format  ion  has  been  advanced  as  the  factor 
responsible  for  microcytosis,  although  structural  alteration  in  the  cells 
after  they  have  entered  the  circulation,  siich  as  fragmentation  and  loss 
of  hemoglobin,  may  account  for  some  of  these  dvvarfed  elements.  Macro- 
cytosis  appears  to  depend  upon  the  development  of  large  cells  in  the  mar- 
row,  or  perhaps  it  is  due  to  swelling  of  the  protoplasm  of  the  erythrocytes 
while  in  the  general  circulation. 

Poikilocyte8  are  cells  having  an  irregular  or  distorted  outline  and 
often  appear  as  pear-shaped,  elongated,  oval,  and  "hour-glass"  forms. 
These  pathological  cells  show  wide  variations  in  size  and  in  staining  pecu- 
liarities.  The  degree  of  celi  deformity  and  the  extent  of  the  variation  in 
size  are  generally  proportionate  to  the  severi ty  of  the  anaemia.  Per- 
nicious  anaemia  and  gfave  secondary  ansemias  reveal  poikilocvtosis  in 
its  most  typical  form.  Cells  so  deficient  in  htemoglobin  that  a  mere  color- 
less  shell  remains  are  termed  phantom  or  shadow  corpuscles  or  achroma- 
cytes.  Erythrocytes  which  react  indifferently  and  irregularlv  to  acid  and 
basic  dyes,  staining  diffusely  with  both, — termed  polychromatophilic  cells, — 
are  observed  in  profound  ansemias,  particularly  in  progressive  pernicious 
anaemia.  They  appear  in  specimens  stained  with  eosin-methvlene-blue 
mixtures,  as  purple,  brownish,  or  bluish  cells,  their  color,  as  a  rule,  being 
unevenly  distributed,  and  in  some  instances  only  a  part  of  the  protoplasm 
exhibits  this  altered  tinctorial  reaction.  The  cytoplasm  of  nucleated 
red  cells,  especially  of  the  megaloblast,  often  shows  this  change.  Some 
authorities  maintain  that  this  abnormal  staining  quality  is  an  indication 
of  immature  celi  development,  while  others  regard  it  as  a  sign  of  stroma 
degencration.  Oval  or  "ring-like*'  bodies  reacting  to  basic  dyes  are  occa- 
8ionally  observed  in  the  red  cells  which  some  students  assert  are  the  remains 
of  a  nuclear  structure.  Red  cells  which  contain  graniilar  areas  having 
a  basic  stain  affinity  scattered  through  the  cvtoplasm,  appearing  in  some 
corpuscles  as  a  fine  stippling  and  in  others  as  coarse  irregular  granules,  are 
described  as  cells  showing  gramdar  basophilia.  This  condition  is  observed 
in  severe  ana^mias,  especiallv  of  the  pernicious  tvpe,  in  leukajmia,  and 
constantly  in  chronic  lead  poisoning.  Some  investigators  regard  it  as  an 
indication  of  degencration  of  the  cells,  while  others  are  inclined  to  view 
this  feature  as  an  evidence  of  nuclear  fragmentation. 

Nucleated  Red  Blood-cells.  —  Nucleated  red  blood-corpuscles 
are  normally  found  in  the  blood  during  the  early  months  of  fetal  life  and 
in  the  l)lood-marrow  of  ali  individuals.  Two  principal  tvpes  are  found, 
normoblasts  and  megaloblasts. 

Normoblasts.  —  This  cellular  element,  a  normal  constituent  of  the 
bone-marrow  of  the  healthy  adult,  is  about  the  size  of  the  normal  ervthro- 
cyte,  and  consists  of  a  single  oval  or  round  nucleus  (rarely  t\vo  or  three), 
which  reacts  intcnselv  to  basic  stains,  while  the  cvtoplasm  has  an  acido- 
philic  affinitv  like  a  normal  ervthrocvte.  At  times  this  celi  contains  an 
irregularlv  shaped  nucleus  or  several  may  be  noted  in  a  single  celi.  The 
nucleus  is  often  eccentrically  placed,  and  sometimes  extrudes  from  the 
celi  or  mav  be  found  free  in  the  plasma.  The  occurrence  of  normoblasts 
in  the  circulation  of  the  adult  is  generally  regardeil  as  a  sign  of  rapid  blood 
regenoration,  well  iiiustrated  after  a  profuse  traumatic  hemorrhage.  where 
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large  numbers  of  these  cells  often  are  present  in  the  blood,  a  condition 
which  Von  Noorden  has  termed  "blood  crisis.*'  Cells  having  the  diameter 
ranging  from  4  to  6  microns,  with  a  round  or  oval  nucleus  reacting  8harply 
to  basic  dyes,  and  a  shruhken  irregular  protoplasm,  called  microblasts, 
probably  represent  normoblasts  having  a  degenerated  cytoplasm.  MegaU 
ohlaats  vary  in  size  between  11  and  20  microns  in  diameter,  and  consist 
of  a  large  nucleus  of  loose  texture  staining  feebly,  surrounded  by  a  com- 
paratively  small  amount  of  cytoplasm.  A  clear  hyaline  space  or  ring 
sometimes  separates  the  nucleus  from  the  protoplasm,  which  not  infre- 
quently  has  a  polychromatophilic  reaction.  Fetal  bone-marrow  normally 
contains  megaloblasts.  Most  writers  regard  the  presence  of  megaloblasts  in 
the  circulating  blood  of  the  adult  an  indication  of  a  reversion  of  the  marrow 
activity  to  an  earlier  type  similar  to  that  found  in  the  foetus.  These  cells 
are  found  in  grave  forms  of  anaemia,  as  typified  in  pernicious  anaemia. 

Blood-platelets. — Blood-platelets,  or  blood-plaques,  are  small,  spher- 
ical,  oval,  or  irregular  bodies,  having  a  pale  yel!ovvish  color,  and  measure 
from  1  to  4  microns  in  diameter.  They  are  not  endowed  with  amoeboid 
activity,  and  stain  with  both  acid  and  basic  dyes.  Blood-plaques  disap- 
pear  rapidly  after  the  blood  is  exposed  to  the  air.  Some  writers  con- 
sider  these  elements  as  being  derived  from  fragmented  red  blood-cells. 

Technic  of  Counting  Blood-plaielets  (Method  of  Wright  and  Kinnicutt). — 
Xwo  parts  of  cresyl  blue  (1  :  300)  are  mixed  with  three  parts  of  potassium 
cyanide  (1  :  14000)  and  rapidly  filtered,  then  immediately  used  to  dilute  the 
blood  1  :  100.  The  blood  must  be  from  a  free-flowing  drop  and  the  whole 
procedure  must  be  carried  out  as  quickly  as  possible.  Variations  under 
ph3rsiological  and  pathological  influences  are  common.  In  many  severe 
8econdary  ansemias,  in  leuksemia,  in  chlorosis,  and  in  rheumatoid  arthritis 
an  increase  is  encountered,  while  in  pernicious  anjemia  their  number  is 
generally  reduced.  In  some  of  the  specific  infectious  diseases,  particu- 
larly  in  pneumonia  and  in  bubonic  plague,  an  increase  is  found,  while 
in  others,  notably  in  erysipelas,  in  malaria,  and  in  typhus  fever,  there 
is  a  decrease.  The  average  per  cubic  millimetre  at  sea  level  is  302,000, 
and  340,000  at  an  altitude  of  6000  feet — a  percentage  increase  of  12.2. 
(Webb  and  Gilbert.)  They  are  consistently  increased  in  tuberculosis  of 
man  and  guinea-pigs.  A  marked  reduction  is  frcquently  seen  in  purpura 
and  hsmophilia. 

HAmokonia. — In  fresh  unstained  blood  there  are  found,  in  the  plasma, 
small,  transparent,  highlv  refractile  bodies,  not  exceeding  one  micron  in 
diameter,  of  spherical,  oval,  or  dumb-bell  shape,  posscssing  active  molec- 
ular  motion,  which  are  termed  ha?mokonia,  or  blood  dust.  These  bodies 
are  insoluble  in  ether  or  alcohol  and  do  not  stain  with  osmič  acid.  Their 
significance  is  as yet  unknown ;  it  has  been  suggestcd  that  they  represent  frag- 
ments  of  cells  or  free  celi  granules,  as  eosinophilic  or  neutrophilic  granulcs. 

Leucocytes. — The  leucocytes,  or  white  blood-corpuscles,  in  a  \Vet  prepa- 
ration  of  fresh  blood  taken  from  a  normal  individual,  appear  as  pale,  color- 
less,  nucleated  cells,  the  greater  number  of  which  are  granular  and  endowed 
with  amoeboid  activity.  Ehrlich's  classification  is  genorally  adopted  for 
clinical  work.  The  following  table  includes  the  main  varieties  of  leucocvtes 
with  their  relative  percentages  present  in  the  blood  of  the  uoruvoi  ^vkvjiv. 
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DESCRIPTION  OF  PLATE  IV. 

1.  Neutrophile  myelocyte. 

2.  Neutrophile  inyelocyte  showlng  indentation  of  its  niicleus. 
3,  4.  Neutrophile  myeIocytes. 

5,  6,  7,  8,  9,  10.  Polynuclear  neutrophilea. 
11,12.  Eofiiuophile  myelocyte8. 
13, 14,  15, 16.  Polynuclear  cosiuophiles. 
17.  Basophlle  myelocyte. 
18, 19.  Polynuclear  basophiles. 

20.  Blood  platelets. 

21.  Largc  mononuclear  form. 
22,  23.  Transitional  fonns. 

24,  25.  Large  lymphocyte8. 

26.  Lyniphocytc  8howing  acidophilic  granules  in  its  protoplasm. 
27,  28,  29.  Small  lymphocyte8. 
30,  31,  82.  Normal  erythrocyte8. 
33,  34.  Mlcrocyte8. 
35.  Macrocyte. 
86,  37,  38,  89,  40,  41.  Polkllocyte8. 

42,  43,  44,  45.  £rythrocyte8  contalning  basophllic  granules. 

46.  Erythrocy te  eshibiting  polychromatophilia  and  granular  basophilia. 

47.  Megaloblast 
48,  49,  50.  Normoblasts. 

51,  52,  53.  £r}'throc>*tes  wlth  polychromatophilic  protoplasm. 

(Leishman'8  Stain.) 
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these  leucocytes  in  having  an  indented  or  distorted  nucleus,  resembling 
the  form  of  the  nucieus  of  some  of  the  polynuclear  neutrophiles. 

Hyaline  cells  are  said  to  possess  active  phagocytic  and  amoeboid 
properties. 

Myelocyte8. — These  cells,  which  are  norma!  constituents  of  the  bone- 
marrow  and  onlv  present  in  the  blood  in  pathological  states,  are  in  the 
main  large  cells  supplied  with  a  large  circular,  oval,  or  slightly  indented 
nucieus,  staining  feebly  with  basic  principles,  and  surrounded  by  a  granular 
protoplasm. 

These  cells  are  classified  into  three  groups,  depending  on  the 
microchemical  reaction  of  the  cell-granules,  namely  into  neutrophilic, 
eosinophilic,  and  basophilic  varieties.  The  neutrophilic  myelocyte  is  the 
commonest  form.  Neutrophilic  granules  of  myelocytes  do  not  stain  as 
distinctly  as  those  found  in  the  polynuclear  cells.  Types  intermediate 
between  typical  polynuclear  neutrophiles  and  typical  neutrophilic  myelo- 
cytes  are  observed  in  some  pathological  conditions,  especially  myelogenous 
leuksBmia  and  not  infrequently  in  leucocytosis.  Myelocytes  often  show 
indistinct  granulations  embedded  in  a  feebly  basic  protoplasm;  these 
forms  are  considered  by  some  to  be  closely  related  to  cells  farther  back 
in  their  ancestral  development. 

Atypical  lymphocytes  are  not  infrequently  encountered  in  severe 
ansemias,  particularly  in  lymphatic  leukaemia.  Some  of  these  cells  are 
almost  devoid  of  protoplasm,  while  others  contain  a  distorted  nucieus. 
The  term  neutrophilic  pseudolymphocyte  has  been  suggested  for  those 
cells  which  have  a  round  nucieus,  rich  in  chromatin,  surrounded  by  a 
narrow  rim  of  protoplasm,  filled  with  neutrophilic  granules.  These 
leucocytes  may  represent  small  myelocytes,  as  their  color  character- 
istics,  excluding  the  strong  basic  nucieus,  suggest  neutrophile  myelo- 
cytes.  Tiirk  employs  the  name  "stimulation  form"  for  moderately 
large  leucocytes  having  a  single  round  weakly  basophilic  nucieus,  and 
a  non-granular  cvtoplasm,  which  stains  a  brown  color  with  the  triple 
mixture. 

I>evelopment  of  Leucocyte8. — Most  authorities  regard  the  bone-mar- 
row  and  the  lymphatic  tissues  as  the  seats  of  leucocyte  formation,  the 
former  being  concerned  in  the  development  of  polynuclear  neutrophiles, 
eosinophiles,  basophilic  and  hvaline  cells,  while  the  latter  appear  respon- 
sible  for  the  production  of  lymphocytes.  In  the  bone-marrow  are  found 
groups  of  cells,  "  leucoblastic  areas,*'  consisting  of  myelocytes  surrounded 
by  polynuclear  elements,  while  erythroblastic  zones  are  present  princi- 
pally  along  the  margins  of  vascular  spaces.  It  is  conceded  by  most  author- 
ities that  the  polynuclear  neutrophile  is  developed  from  the  neutrophile 
myelocyte,  the  polynuclear  eosinophile  from  the  eosinophile  myelocyte, 
and  a  basophilic  celi  from  its  parent  marrow  celi.  In  the  transformation 
of  the  myelocyte  into  the  polynuclear  leucocvte,  the  nucieus  undergoes 
condensation  and  lobulation,  the  size  of  the  celi  decreases,  and  the  stain- 
ing reaction  of  the  nucieus  and  of  the  granules  intensifies.  The  large 
mononuciear  or  hyaline  and  transi  t  ional  leucocytes  are  probabIy  formed  in 
the  marrow.  The  lymphocytes  are  derived  from  lymphatic  tissue^  the 
small  form  being  the  progeny  of  the  large  celi. 
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Number  ol  Leucocytes.  —  Many  circumstances  affect  the  number 
of  leucocytes  in  the  circulation.  The  colorless  corpuscles  range  between 
6000  and  8000  per  cubic  millimetre  in  a  healthv  person;  this  standard 
is,  however,  subject  to  slight  variations,  beyond  these  limits,  in  certain 
physiological,  and  often  to  pronounced  alterations  in  pathological  states. 
The  number  is  influenced  by  the  condition  of  bodv  nutrition,  e  g,y  in  pro- 
longed  starvation  low  counts  are  conspicuous,  by  unequal  distribution 
of  the  cells,  by  blood  dilution  and  by  blood  inspissation.  The  most  ac- 
ceptable  theory,  advanced  to  explain  the  occurrence  of  an  increase  in  the 
number  of  colorless  elements  (leucocytosis)  in  disease,  points  out  that 
irritants  acting  in  the  tissues  produce  chemical  substances  which  attract 
certain  leucocytes  towards  the  seat  of  mischief,  and  cause  the  leucocvte 
forming  organs  to  pour  out  an  increased  number  of  cells.  This  attraction 
force  has  been  termed  " positive  chemotaxiSy**  in  contradistinction  to  a 
repelling  action  set  up  by  some  irritants  called  *^ negative  chemotaiis.'* 
The  degree  of  leucocytosis  depends  mainly  upon  the  intensity  of  the  chemo- 
tactic  force  and  the  responding  powers  of  the  individual. 

Leucocytosis. — The  term  leucocytosis  or  hyperleucocytosis  designates 
an  increase  in  the  number  of  leucocytes  in  the  peripheral  blood  over  the 
normal  standard.  This  increase,  as  a  rule,  involves  a  marked  percentage 
gain  in  the  polynuclear  neutrophile  elements  with  a  fall  in  the  percentage 
of  other  forms,  but  sometimes  comprises  a  proportionate  rise  in  ali  the 
varieties,  or  a  percentage  gain  in  the  lymphocytes,  eosinophiles,  or  baso- 
philes.  Leucocytosis  is  classified  into  special  forms,  depending  on  phy8i- 
ological  or  pathological  disturbances;  these  types  being  further  subdivided 
into  special  varieties,  dependent  upon  certain  etiological  factors, — e.g., 
digestive,  inflammatory,  toxic,  malignant,  and  post-hemorrhagic  leucocy- 
tosis.  A  rise  in  the  number  of  polynuclear  neutrophile  cells  is  called  polynu- 
clcar  neutrophile  leucocytosis;  an  augmentation  in  lymphocytes  is  termed 
Ivmphocvtosis;  an  increase  of  eosinophiles  is  known  as  eosinophilia;  the 
latter  forms  also  being  sub-grouped  into  (a)  an  absolute  and  (b)  a  relative 
increase;  e.g.^  absolute  lymphocytosis  is  shown  by  a  gain  in  the  total  count 
with  a  rise  in  the  percentage  of  lymphocytes,  while  relative  lymphocytosis 
implies  a  percentage  gain  without  an  increase  in  the  total  number  of  these 
cells.  The  terms  absolute  and  relative  as  applied  to  leucocytosis  are  often 
misleading  to  the  študent. 

Physlolog:lcal  Leucocytosls — The  leucocytosis  which  depends  upon  phvs- 
iological  factors  is,  in  the  main,  slight,  of  short  duration,  and  commonly 
involves  a  proportionate  increase  in  ali  of  the  forms  of  leucocytes,  less  often 
an  absolute  and  a  relative  gain  in  the  polynuclear  neutrophile  elements. 

Leucocttgsis  of  Digestion.  —  In  nearly  ali  healthy  individuals, 
during  the  period  of  digestion,  from  one  to  four  hours  after  taking  food, 
a  slight  rise  in  the  number  of  leucocytes  is  present,  which  generally  consists 
of  an  absolute  increase.  Some  claim  that  the  gain  principally  involves 
the  neutrophiles,  while  others  assert  the  lymphocytes  are  responsible. 
In  the  new-born,  leucocytosis  of  digestion  is  pronounced.  In  starvation 
and  frequently  in  the  morbid  states  associated  with  faulty  nutrition,  the 
number  of  white  corpuscles  decreases.  The  rapidity  with  which  digestion 
leucocytosis  manifests  itself  after  taking  food  is  regarded  by  some  writer8 


EXAMINATION  OF  THE  BLOOD.  273 

as  bearmg  a  direct  relation  to  the  activity  of  the  digestive  function.  In 
pcrsons  suffering  from  gastric  ulcer,  leucocytosis  sometimes  comes  on  very 
soon  after  taking  food,  pointing  to  rapid  digestion;  while  in  gastric  canccr, 
it  may  be  delayed  or  absent.  This  nile  is  not  constant  and  little  importance 
should  be  attached  to  digestion  leucocytosis  in  diagnosis. 

Leucocttosis  Occurring  during  Pregnanct  and  after^Parturi- 
TION. — A  moderate  rise  in  the  number  of  leucocvtes  occurs  during  the  later 
months  of  pregnancy,  and  persists  for  about  two  weeks  after  partiirition. 

Leucocttosis  of  the  New-born.  —  The  high  counts  observed  for 
about  ten  days  after  birth  are  attributed  to  blood  inspissation  and  to  the 
establishment  of  digestion  leucocytosis.  Higher  counts  are  present  in 
early  childhood  than  in  the  advanced  periods  of  life.  Leucoc3rtic  oscilla- 
tions  of  a  very  moderate  character  occur  after  exercise,  massage,  after 
cold  or  hot  bathing,  and  after  the  use  of  electricity. 

Fatholosical  Leucocytosi8.  —  Inflammatory  and  Infectious  Leuco- 
cttosis.— The  presence  or  the  absence  of  a  leucocytosis  in  many  of  the 
infectious  and  inflammatory  diseases  is  a  sigo  of  considerable  importance 
in  diagnosis.  Its  clinical  value  is  comparable  in  a  measure  with  other 
signs,  such  as  temperature  range  and  pulse,  certain  physical  signs,  etc. 
This  pathological  increase,  which  is  essentially  a  polynuclear  neutrophile 
leucocytosis,  is  as  a  general  rule  encountered  in  acute  local  inflamma- 
tions,  as  in  furuncles,  cellulitis,  abscesses,  in  general  sepsis,  and  in  nearly 
ali  of  the  specific  infectious  diseases,  except  in  uncomplicated  cases  of 
enteric  fever,  paratyphoid  infectious,  tuberculosis,  malaria,  measles, 
German  measles,  influenza,  leprosy,  and  Malta  fever.  High  leucocytic 
ranges  are  often  attributable  to  suppurative  inflammation.  Duration 
and  heigfit  of  fever  have  no  direct  relation  to  the  leucocyte  curve.  Counts 
between  15,000  and  20,000  are  common,  while  ranges  above  30,000  are 
uncommon  and  above  50,000  very  rare. 

Preagonistic  or  Terminal  Leucocttosis.  —  The  exact  nature  of 
the  leucocytosis  which  so  often  precedes  death  is  stili  a  mooted  question; 
many  investigators  attribute  this  rise  to  terminal  infectious. 

Maijgnant  Leucocttosis. — Different  opinions  have  been  advanced 
to  explain  the  gain  of  colorless  elements  so  frequently  noted  in  individuals 
suffering  from  carcinoma  and  sarcoma.  Some  writers  contend  that  asso- 
ciated  inflammatory  disturbance  about  the  grovvth  or  septic  absorption 
from  the  tumor  induces  the  leucocytic  gain,  while  others  hold  that  the 
direct  effect  of  the  tumor  is  the  responsible  factor.  In  rapi(lly  spreading 
malignant  growths,  especiallv  when  metastasis  has  occurred,  counts  are 
generally  high  and  much  above  those  noted  in  slowly  growing  tumors; 
in  sarcomata  the  gain  is  usuallv  more  pronounced  than  in  carcinomata. 
The  cellular  rise  in  the  majoritv  in  vol  ves  mainly  the  neutrophiles,  although 
Jymphocytosi8,  especiallv  in  sarcomata,  has  been  recorded.  In  cases  of 
carcinoma  of  the  stomach,  leucocvtosis  is  often  absent. 

Post-hemorrhagic  Leucocttosis. — The  gain  in  the  wliite  corpus- 
cles  which  follows  and  persists  for  some  davs  after  a  profuse  hemorrhage 
18  generally  accounted  for  by  an  increased  production  and  output  of  poly- 
nuclear  neutrophiles.  Some  observers  hold  that  the  Ivmph  (rich  in  colls) 
which  passes  into  the  blood  after  blood  loss  is  the  responsible  factor« 
18 
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1.  Neutrophile  myelocyte. 

2.  Neutrophile  inyelocyte  showing  indentation  o(  ita  nucieut. 
3,  4.  Neutrophile  myelocyte«. 

6,  6,  7,  8,  9,  10.  Polynuclear  neutrophlles. 
11, 12.  Eofiiuophile  myclocyte8. 
13,  14, 15, 16.  Polynuclear  eoslnophiles. 
17.  Baaophile  inyelocyte. 
18, 19.  Polynuclear  banophiles. 

20.  Blood  platelets. 

21.  Larf^e  mononuclear  form. 
22,  23.  TransitioDal  fonns. 

24,  25.  Large  lymphocyte8. 

26.  Lyraphocyte  showing  acldophilic  granalea  in  Ita  protoplasm. 
27,  28,  29.  Small  lymphocyte8. 
30,  31, 32,  Nornial  erythrocyte8. 
33,  34.  Microcyte8. 
35.  Macrooyte. 
38,  37,  38.  39,  40.  41.  Poikllocytca. 

42,  43,  44,  45.  £rythrocyt<.'S  containlng  baflophilic  granules. 

46.  Er>'throoy te  exhibitiDg  |iolychromau>philia  and  granular  basophilla. 

47.  Mcgaloblast 
48,  49,  50.  NormoblasK 

51,  52,  53.  Erythroc>*tC8  with  polychromatophilic  protoplasm. 

(Lclshman'8  Stain.) 
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these  leucocytes  in  having  an  indented  or  distorted  nucleus,  resembling 
the  form  of  the  nucieus  of  some  of  the  poljmuclear  neutrophiles. 

Hyaline  cells  are  said  to  possess  active  phagocytic  and  amoeboid 
properties. 

Myelocyte8. — These  cells,  which  are  normal  constituents  of  the  bone- 
marrow  and  onlv  present  in  the  blood  in  pathological  states,  are  in  the 
main  large  cells  supplied  with  a  large  circular,  oval,  or  slightly  indented 
nucieus,  staining  feebly  with  basic  principles,  and  surrounded  by  a  granular 
protoplasm. 

These  cells  are  classified  into  three  groups,  depending  on  the 
microchemical  reaction  of  the  cell-granules,  namely  into  neutrophilic, 
eosinophilic,  and  basophilic  varieties.  The  neutrophilic  myelocyte  is  the 
commonest  form.  Neutrophilic  granules  of  myelocytes  do  not  stain  as 
distinctly  as  those  found  in  the  polynuclear  cells.  Types  intermediate 
between  typical  polynuclear  neutrophiles  and  typical  neutrophilic  myelo- 
cytes  are  observed  in  some  pathological  conditions,  especially  myelogenous 
leuksemia  and  not  infrequently  in  leucocvtosis.  Myelocytes  often  show 
indistinct  granulations  embedded  in  a  feebly  basic  protoplasm;  these 
forms  are  considered  by  some  to  be  closely  related  to  cells  farther  back 
in  their  ancestral  development. 

Atypical  lymphocytes  are  not  infrequently  encountered  in  severe 
anaemias,  particularly  in  lymphatic  leukaemia.  Some  of  these  cells  are 
almost  devoid  of  protoplasm,  while  others  contain  a  distorted  nucieus. 
The  term  neutrophilic  pseudolymphocyte  has  been  suggested  for  those 
cells  which  have  a  round  nucieus,  rich  in  chromatin,  surrounded  by  a 
narrow  rim  of  protoplasm,  fiUed  with  neutrophilic  granules.  These 
leucocytes  may  represent  small  myelocytes,  as  their  color  character- 
istics,  excluding  the  strong  basic  nucieus,  suggest  neutrophile  myelo- 
cytes.  Tiirk  employs  the  name  "stimulation  form'*  for  moderately 
large  leucocytes  having  a  single  round  weakly  basophilic  nucieus,  and 
a  non-granular  cytoplasm,  which  stains  a  brown  color  with  the  triple 
mixture. 

I>evelopment  of  Leucocytes. — Most  authorities  regard  the  bone-mar- 
row  and  the  lymphatic  tissues  as  the  seats  of  leucocyte  formation,  the 
former  being  concerned  in  the  development  of  polynuclear  neutrophiles, 
eosinophiles,  basophilic  and  hvaline  cells,  while  the  latter  appear  respon- 
sible  for  the  production  of  lymphocytes.  In  the  bone-marrow  are  found 
groups  of  cells,  "  leucoblastic  areas,''  consisting  of  myelocytes  surrounded 
by  polynuclear  elements,  while  er3rthroblastic  zones  are  present  princi- 
pally  along  the  margins  of  vascular  spaces.  It  is  conceded  by  most  author- 
ities that  the  polynuclear  neutrophile  is  developed  from  the  neutrophile 
myelocyte,  the  polynuclear  eosinophile  from  the  eosinophile  myelocyte, 
and  a  basophilic  celi  from  its  parent  marrow  celi.  In  the  transformation 
of  the  myelocyte  into  the  polynuclear  leucocvte,  the  nucieus  undergoes 
condensation  and  lobulation,  the  size  of  the  celi  decreases,  and  the  stain- 
ing reaction  of  the  nucieus  and  of  the  granules  intensifies.  The  large 
mononuclear  or  hyaline  and  transitional  leucocytes  are  probably  formed  in 
the  marrow.  The  lymphocytes  are  derived  from  lymphatic  tlssue^  the 
small  form  being  the  progeny  of  the  large  celi. 
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VI. 
THE  EXAMINATION  OF  THE  URINE. 

The  essential  diagnostic  principles  of  urinaljrsis,  coupled  with  certain 
methods  of  examination  required  for  general  clinical  work,  are  detailed 
in  the  following  section.  Tests  suitable  for  the  general  practitioner  must 
in  the  main  be  simple  and  easily  applied.  The  importance  of  the  findings 
obtained  by  careful  and  8ystematic  studies  of  the  urine,  when  correctly 
interpreted  and  given  their  proper  plače  in  a  symptom-complex,  can  scarcely 
be  overestimated  in  diagnosis.  In  a  considerable  group  of  morbid  states 
the  urinary  picture  is  absolutely  necessary  in  establishing  a  final  diagnosis, 
while  in  a  large  number  of  cases  the  results  of  the  exaniination  form  a  lin  k 
in  the  chain  of  symptoms  completing  the  dtegnosis.  Negative  reports  in 
some  instances  are  essential  for  the  solution  of  certain  clinical  problems. 
For  an  exhaustive  account  of  the  urine,  which  does  not  fall  within  the  scope 
of  this  book,  the  reader  is  referred  to  special  treatises  on  this  subject. 

PHYSICAL    EXAMINATION. 

Amount. — The  daily  standard  for  a  healthy  adult,  as  estimated  by 
different  authorities,  varies  between  900  and  2000  c.c.  Most  observers 
fix  the  amount  between  1000  and  1500  c.c,  although  temporary  oscilla- 
tions  beyond  these  limits,  of  slight,  moderate,  or  even  of  an  excessive  degree, 
are  often  physiological.  The  urinary  secretion  is  greater  during  the  day 
than  through  the  night,  more  abundant  in  cold  than  in  hot  weather,  and 
relatively  more  active  in  children  and  infants  than  in  adults.  Polyuria 
depends  in  the  main  on,  (a)  increased  ingestion  of  water,  (b)  heightened 
blood-pressure,  and  (c)  on  increased  activity  of  the  renal  epithelium,  while 
oliguria  results  from  (a)  lessened  consumption  of  water,  (b)  lowered  blood- 
pressure,  and  (c)  impaired  function  of  kidney  epithelium. 

Specific  Qravity. — In  health  the  specific  gravity  ranges  between  1.015 
and  1.025  while  the  daily  output  of  urine  is  within  normal  limits.  In 
general  terms  the  specific  gravity  is  a  fair  index  of  the  bulk  of  solids  elimi- 
nated.  An  approximate  estimate  of  the  weight  of  urinary  solids  expre8sed 
in  grammes  for  a  thousand  cubic  centimetres  of  urine  may  be  determined 
by  multiplying  the  second  and  third  decimal  figures  of  the  specific  gravity 
by  two.  Pathologically,  wide  variations,  as  low  as  1.002  and  as  high  as 
1.040,  are  frequent.  Ranges  above  1.050  are  extremely  uncommon.  The 
volume  of  urine  and  the  specific  gravity  in  the  main  fluctuate  in  an  inverse 
manner;  therefore,  without  a  knowledge  of  the  daily  output  the  density 
has  practically  no  clinical  significance.  A  correct  specific  gravity  d^termi- 
nation  can  only  be  made  from  a  mixed  twenty-four  hours'  sample.  In  dis- 
eases  associated  with  polyuria  lowered  ranges  are  the  rule.  A  notable  ex- 
ception  is  found  in  the  čase  of  diabetes  mellitus,  in  which  the  increased 
den8ity  is  caused  by  the  presence  of  glucose.  A  diminished  volume  of 
urine  of  low  specific  gravity  is  seen  in  a  number  of  chronic  diseaaes,  and 
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often  in  cases  of  oedema.  Large  urinometers  are  preferable  to  small  Instru- 
ments for  measuring  the  specific  gravity,  since  the  divisions  of  the  scale 
can  be  read  with  greater  accuracy.  The  large  amount  of  urine  necessary 
to  float  these  hydrometers  is,  however,  an  objectionable  feature.  This 
may  be  overcome  by  estimating  the  density  with  a  set  of  two  or  three 
pycnometers  of  moderate  size,  each  of  which  represents  a  portion  of  the 
scale.  In  measuring  the  specific  gravity  the  following  precautions  are 
essential  for  accurate  results:  The  hydro meter  should  be  placed  into  cool 
urine,  the  surface  of  which  is  free  from  foam;  the  instrument  should 
not  touch  the  sides  of  the  hydrometer  j  ar. 

Color. — Normal  urine  owes  its  color  to  urochrome  and  urobilin,  chiefly 
to  the  former,  while  the  tints  of  many  pathological  urines  depend  upon 
such  substances  as  biliary  pigment,  hemoglobin,  methffimoglobin,  hsematin, 
haBmatoporphyrin,  melanin,  indican  and  alkaptone.  After  the  ingestion  of 
iodine,  phenol,  salol,  senna,  santonin,  and  methylene  blue,  the  urine  often 
has  an  abnormal  hue.  The  shade  of  the  color  depends  chiefly  upon  the 
amount  of  urinary  water,  so  that  concentrated  specimens  are  usually  dark, 
while  those  of  low  specific  gravity  are  generally  pale.  An  exception  to  this 
rule  is  noted  in  diabetic  urine,  which  is  light  yellow  or  pale  greenish-yellow, 
of  increased  density  and  of  excessive  quantity.  In  acute  febrile  diseases 
and  pernicious  anaemia  the  urine  is  high  colored,  while  in  chlorosis,  dia- 
betes insipidus,  and  contracted  kidney  it  is  pale.  Bile  pigment  is  respon- 
sible  for  dark  yellow,  yellowish-green,  dark  brown,  and  rarely,  black  urine, 
which  on  shaking  develops  a  yellowish  foam;  blood  pigment  stains  the 
urine  bright  red,  dark  red,  reddish-brown,  or  rarely,  black.  Melanotic 
pigment  imparts  a  brown  or  black  appearance  which  generally  develops 
Bome  time  after  the  urine  is  voided,  but  occasionally  is  noted  in  the  fresh 
specimen.  A  similar  color  occurs  in  alkaptonuria,  which  condition  can  be 
differentiated  from  melanuria  by  testing  with  Fehling's  solution;  the  alkap- 
tone bodies  reduce  the  copper  salt,  while  the  latter  gives  a  negative  reac- 
tion.  The  ingestion  of  phenol  and  its  allied  compounds  may  cause  a  green- 
ish-black  discoloration,  of  methylene  blue  a  green  or  blue  urine,  of  santonin 
a  yellow,  and  of  rhubarb  an  orange-colored  urine.  A  milky  appearance  is 
noted  in  chyluria  and  at  times  in  phosphaturia  and  pyuria.  The  presence 
of  h»matoporphyrin  may  impart  a  dark  red  color. 

Transparency.  —  Normal  urine  immediately  after  being  voided  is 
generally  clear;  on  cooling  it  occasionally  becomes  turbid,  due  to  pre- 
cipitation  of  urates  or  phosphates.  Turbidity,  associated  with  a  sediment, 
is  one  of  the  characteristic  features  of  many  abnormal  urines,  and  may 
depend  upon  an  excess  of  urates  or  phosphates,  or  on  the  presence  of 
epithelial  elements,  pus-cells,  red  blood-corpuscles,  chyle,  or  bacteria. 

Odor. — This  property  of  the  urine,  although  of  little  clinical  signifi- 
cance,  except  in  a  few  instances,  occasionally  attracts  the  attention  of  the 
patient  who  suspects  that  an  abnormal  state  of  the  ki(lneys  exi8ts.  The 
odor  of  normal  urine  is  sufficiently  familiar  to  require  no  special  description. 
Urine  decomposed  by  bacterial  growth  within  the  bladder,  or  after  it  has 
been  voided,  emits  an  ammoniacal  stench.  Acetone,  when  present  in  large 
amount,  may  give  the  urine  a  sweeti8h,  fruit-like  odor.  The  ingestion  of 
turpentine,  terebene,  asparagus,  and  onions  imparts   peculiar  ot^ors. 
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Reaction. — A  normal,  mixed  twenty-four  hour  sample  in  nearly  every 
instance  is  acid,  while  individual  specimens  passed  during  the  day  vary 
considerably  in  reaction.  For  clinical  purposes  the  reaction  may  be  deter- 
mined  with  litmus  paper.  An  alkaline  reaction  after  a  heavy  meal  is 
attributed  to  the  increased  alkalinity  of  the  blood  during  gastric  digestion. 
The  ingestion  of  food  rich  in  vegetables,  or  the  administration  of  tartaric, 
citric,  or  acetic  acid  lessens  acidity,  or  produces  alkalinity,  while  a  diet 
rich  in  meat  or  the  taking  of  mineral  acids  intensifies  the  acidity.  The 
reaction  of  normal  urine  is  held  to  be  due  to  diacid  phosphate;  Folin, 
however,  contends  that  free  organic  acids  are  in  part  responsible.  The 
total  acidity  of  a  twenty-four  hour  collection  of  healthy  urine  is  equal  to 
from  1.5  to  2.3  grammes  of  hydrochloric  acid.  Alkalinity  is  caused  by 
the  presence  of  alkalies  in  excess  of  acids.  An  amphoteric  reaction  depends 
on  a  balance  existing  between  the  acid  and  basic  equivalent  of  the  urinarv 
salts.  Urine  that  has  been  exposed  to  the  air  for  some  time  becomes  alka- 
line from  ammoniacal  decomposition.  Alkaline  urine  is  frequently  seen  in 
cystitis,  but  in  a  number  of  cases  of  bladder  inflammation,  both  acute  and 
chronic,  the  urine  is  acid.  A  strongly  acid  urine  occurs  in  gout,  diabetes, 
rheumatic  fever,  in  some  varieties  of  nephrolithiasis,  in  leuksemia,  in  intes- 
tinal  and  stomach  diseases  associated  with  diminished  or  abolished  gastric 
secretion,  in  scurvy,  in  chronic  nephritis,  and  often  in  febrile  states.  I-iOW- 
ered  acidity,  and  occasionally  alkalinity,  is  seen  in  anaemia,  notably  per- 
nicious  ansemia  and  chlorosis,  following  the  crisis  of  pneumonia,  after 
blood  transfusion  with  saline  solution,  in  haBmaturia,  and  when  transudates 
are  rapidly  absorl)ed. 

Sediments.  —  Occasionally  deposits  of  uric  acid,  amorphous  urates, 
carbonates  and  phosphates,  and  invariably  those  consisting  of  pus,  epi- 
thelial  and  red  blood-cells,  are  significant  of  morbid  states.  The  presence 
of  a  sediment  of  uric  acid  crystals,  amorphous  urates,  or  phosphates  need 
not,  and  as  a  rule  does  not,  implv  an  increased  output  of  these  salts,  but 
may  depend  on  changes  in  the  reaction  of  the  urine. 

MICROSCOPICAL    EXAMINATION. 

^licroscopical  examination  of  sediments  is  of  cardinal  importance  In 
urinalvsis.  A  sediment  best  suited  for  this  method  of  study  should  be 
secured  from  a  fresh  specimen  of  urine  by  centrifugalization.  When  the  ex- 
amination  cannot  be  made  immediat«ly  after  the  urine  is  voided,  it  is  ad^s- 
able  to  add  an  antiseptic  to  it,  such  as  a  little  powdered  camphor,  a  few  drops 
of  formaldehvde  solution,  or  thymol,  in  order  to  prevent  decomposition. 

Crystalline  and  Amorphous  Substances  Present  in  Acid  Urine. — 
Calciim  ()xALATE.-^Crystals  of  calcium  oxalate  are  found  in  many  sedi- 
ments and  appear  in  various  sizes,  mostly  in  the  form  of  colorless  octahedra, 
generallv  designated  "enveloi)e  crystals/'  sometimcs  as  dumb-l)ell  figures 
and  rarely  as  oval  disks.  These  crystals  are  soluble  in  hydrochloric  acid, 
but  not  in  acetic  acid  or  sodium  hydrate.  Normal  urine  mav  contain  these 
crystals.  after  the  eatingof  tomatoes,  asparagus,  garlic,  rhubarb,  or  oranges. 
After  the  ingestion  of  bicarbonate  of  soda,  in  certain  forma  of  gastro- 
iotestlnal  neuroses,  in  jaundice,  in  phthi8i8|  and  in  diabetes  mellitua,  oxa» 


EXAMINATION  OF  THE  URINE. 


279 


tate  crystal3  are  sonietinies  notecl.  Renal  calculi  composetl  of  this  substance 
are  nut  uncomnton.  Oxaluria  can  only  bc  regarded  as  pathulogical  when 
a  chemical  examination  shows  an  increased  quantity  of  oxalic  acid,  providcd 
thc  fuctors  rcsponsible  for  its  occurrence  in  health  can  be  excluded. 

Uric  Acid. — This  substance,  as  a  rule,  crystallizes  in  the  form  of  whet- 
stone  shaped  cry8tals,  arranged  8ingly  or  in  clusters,  and  occasionally  in 
the  form  of  dumb-bell  figures,  or  as  rhontbic  plates.  Theae  crystala  vary 
considernbU'  in  sizc,  and  their  color  ranges  from  a  pale  yellow  to  a  dark 
brown.  Uric  acid  cryBtaIs  disaolve  in  a  sodium  hydrate  solution,  and  when 
this  test  is  followed  by  the  addition  of  hj'drochloric  acid  to  the  alkaline 
solution,  rhombic  plates  appear.  Uric  acid  crystab  are  fiequently  seen  in 
the  urine  wheii  the  uric  acid  output  is  normal  or  even  decrenaed,  since  this 
substance  is  more  readily  sohible  in  warm  than  in  cold  solution.  Urinary 
inspissation  is  another  factor  nhich  dcteriuines  precipitation.    In  leuka.'mia, 


^ 


•*•... 
^.2 


^  Of  ,•#     ,, 


Fig.  1U7. — Caldum  oxklmte  crytilali. 
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anil  during  or  inmipdiatcly  foUoning  acute  gout,  the  uiine  coiitains  an 
cxce33  of  iiric  acid,  and  may  reveal  an  nbundant  precipitate  of  thcse  cry8- 
tals  (brick-dust  sedinient).  Calculi  fornied  of  uric  acid  are  artiong  tlie  most 
coninion  renal  concrctions.  \Vhcn  anior|)lious  granulcs  of  sodium  and 
potassiiini  iiratc  occur  in  the  luiiic  in  abundance,  thcy  inipart  a  turbidity 
tci  it,  which  is  ofton  associafpd  with  a  light  ycllow  or  pink  sediniont.  This 
precipitate  disapppars  iipon  hoiiting  the  urine  tu  a  teni|iorature  of  50°  C; 
on  the  aiidition  of  hvdrocliloiic  acid  to  the  uiine,  aniorpliou^  tirates  are 
convert«!  into  uric  acid  crystals.  Amiir])hous  sciliments  of  uratcs  aro 
frequcntly  present  in  scanty,  concentratcd  urinea,  sucli  as  occur  in  fcvers. 
Calciitm  stULPHATK  18  seen  in  the  form  of  long,  transparent  colorlcas 
nec<lles.  or  elongatcil  phitelets,  arranped  siiiKly  or  in  crvNtallinc  ninsses. 
They  are  insoluble  in  ammonia.  acetic  acid,  and  alcohol.  Von  .Inksch  found 
thesG  cryrtfal3  in  associntion  with  triple  i)hiisphates  and  rnlciuni  carbnnate 
in  the  urine  cif  n  patir-nt  ivho  shnunl  a  tomiencv  tu  calcuhis  forniation. 
No  fperiul  clinical  significancc  Iijls  a.s  vet  hocn  attnchctl  to  the  prewnce 
of  thfsc  crv!»tals. 
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Hipprmc  ACiD  occura  as  rhombic  prisms  or  slentler  neetlles  arrangeii 
Beparately  or  in  cluaters.  Theae  cry8tala  are  soluble  in  animania  and 
insoluble  in  hydrochloric  acid.  They  have  been  noted,  though  very  inTre- 
quently,  in  febrile  diseoses,  in  diabetes,  and  after  the  ingcstiim  of  bemsoiu 
acid,  salicylic  aci(i,  cranben-ies.  niulbcrriea,  blueberries,  and  primes. 

BiLiRuniN  is  foimd  as  tine  needles  arranged  in  cluaters  or  rhombic 
plates  having  a  yellow  or  riiby  color,  or  as  an  amorphnus  substance,  Tliia 
sediment  is  soluble  in  so<liuni  hydrate  and  cliloroforni;  on  treatinp  the 
crystala  with  nitric  acid  a  grcen  color  appears  about  theni,  Von  Jak^^ch 
contends  that  the  preaence  of  crvstala  of  bilirubin  in  the  urine,  as  a  riile, 
points  to  antccedeiit  heniorrhage  into  the  urinary  tract  or  to  the  rnptiire 
of  an  absccss.  Their  presence.  eitlier  froe  or  imbcdded  in  cclla  or  tidie- 
casts,  ha.s  lwen  rccorded  in  aeute  nephritis,  chronic  interstifial  ncphritis, 
aniyloid  kidney,  jiiundice,  acute  yellow  atrophy  of  the  liver,  hepatic  cir- 
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rhosis,  ]>ii[iHphiirous  pnisoninp.  carcinoma  of  the  bladder,  and  after  the 
niplure  of  a  aiippuniting  Imhitld  cvst  intn  the  iirinarv  tract. 

Lbccin  and  TvmisiiN. — The«!  subi^tanccs  arr  ncvcr  found  in  nornial 
urine.  Thcv  are  gcncrallv  hcid  in  .-tohition  unlrss  i>rpsent  in  ronfiderable 
quantilics,  nhcn  tlicv  scpuruto  in  a  crvstallinc  form.  Their  precipitation 
can  ]w  brnu^ht  about  by  tifatint;  the  urine  with  an  cxccb8  of  baaic  pluml)ic 
acetatt';  then  filferin{t:  and  to  fdtrate  hvdrogen  »ulphido  is  added  to  rcniovc 
the  cxcess  of  lojid  acetate.  The  filtrate  is  then  cvaporated  to  a  small  vohinic. 
Absolute  alcdhol  is  used  to  reniove  tracea  of  un'a.  The  insoluble  residuo 
is  finidiv  (^\traeied  niih  alciihol  eontaining  a  littlc  amnionin.  Ix>urin  and 
tyrosiii  nill  preeipitiUe  in  thi.i  ((imeiitrateii  solution.  I.euein  pn-sents  the 
appearance  of  sphercs  of  v:ii-\-iiig  sizes,  sonietinies  termed  "leuein  balla. " 
These  .■»pherra  liavc  a  brown  t-nlor  and  sho«-  delieato  hnes  radiating  froni 
their  eeutro  to  the  pi-ripherv.  l^euein  spheres  are  insoluble  in  cthcr. 
Tvrofin  eni'.«lal.s  are  noti-d  in  the  form  of  slender  needlea,  frequcntly 
grouped  in  bundles.  Thev  dis.-iolve  in  ammonia  anil  hvdrochloric  aoid, 
but   aro   insoluble   in  aeetic  acitl.     Leuein  and  tyro«in  oceurring   moat1y 
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together  have  been  observed  almost  con8tantly  in  acute  yellow  atrophy 
of  the  liver,  phosphorous  poisoiung,  and  Weil's  disease,  occasionally 
in  catarrhal  jaundicc,  cholelitbiasis,  cirrhosia  and  cancer  of  the  liver, 
enteric  fever,  gout,  and  diabetes,  and  rarely  in  a  limited  number  of 
other  conditions. 

Xanthin  is  found  in  the  form  of  eolorless  crvstala  resembling  those  of 
uric  acid  in  outline.  They  are  solublc  in  ammonia,  Tbese  crvstaln  are 
rare  ingredients  of  urinary  sediments;  calculi  consisting  of  xanthin  have 
beea  found  by  some  in  vesti  gators. 

CvsTiN  cryatals  are  six-8ided  colorless  plates,  which  are  soluble  in 
ammonia  and  insoluble  in  acetic  acid  and  water.  Von  Jaksch  recommenda 
the  following  microchcmical  test  for  their  detection;  A  drop  of  hydrochlorio 
acid  ia  added  to  the  urinary  scdiment.  When  the  acid  comes  in  contact 
witli   cy8tiD,  there  develop  prismatic    cry8tal8  (hydrochlorate  of   cystin) 
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which  are  grouped  in  masscs  suggesting  a  roscttc  form.  Cystinuria  ia  a 
rare  condition.  In  some  cases  it  is  unattended  with  3yraptom8,  while  in 
otbers  it  is  rcsponsible  for  calculus  formation. 

SoAPS  OF  LIME  AND  MAUNEsiA  consist  of  ncctlles  arrangcd  in  bundles  or 
ebeaves,  sometimes  radiating  from  a  central  point  forming  a  sphere.  They 
rcsemble  tyrosin  crvstals  in  form  and  arrangement.  These  crystal8  are 
rarely  found.    They  have  been  noted  in  acpticfemia. 

Fat  globulgs  can  be  recognized  by  their  highly  rcfractive  appearance 
and  eolubility  in  ether.  Among  the  conditions  in  which  lipuria  is  seen, 
may  be  mentioned,  acute  and  chronic  parenchymatou3  nephritia,  diabetes 
melUtus,  bone  disease  and  in]'ury,  chyluria,  phosphorus  poisoning,  and 
certain  diseases  of  the  liver  and  pancreaa. 

Crystalllne  and  Amorphous  Substances  found  In  Alkallne  Urine.— 
Amuoniouaonesiuu  PH08PHATB  or  triplc  phosphate  crystal8  are  color- 
less and  vary  con8iderabIy  in  aize  and  appearance.  In  their  most  char- 
acteristic  form  they  occur  as  the  so-calied  "coffin-Iid"  cryatala;  others 
reaemble  fern  leaves  in  outline,  while  some  are  arranged  in  the  shape  of 
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the  letter  "X."  Triple  phosphate  crystal8  are  found  in  association  with 
amorphous  deposits  of  phosphates,  carbonates,  and  at  times  with  ammo- 
nium  urate. 

Neutral  calcium  phosphate  occurs  in  alkaline,  faintly  acid,  or 
amphoteric  urine  in  the  form  of  sheets  or  needle-like  crvstals,  the  lattor 
bcing  arranged  singly  or  in  masses  forming  dumb-bell  or  star-shapecl 
figures.    These  bodies  are  soluble  in  acotic  acid. 

Neutral  magnesium  phosphate  cry8tals  are  coloriess,  refractile,  elon- 
gated  plates  with  irrcgular  or  bevelled  cdges;  they  are  soluble  in  aeetic  acid. 

Calcium  carbonate  crystal8  are  found  in  alkalinc  urine  associatod 
"with  amorphous  carbonates.  They  are  dumb-bell  shaped  bodies  which 
dissolve  in  acctic  acid  with  the  libcration  of  gas. 

Amorphous  phosphates  of  calcium  and  magnesium  and  amorpkois 
CARBONATES  arc  of  commou  occurrence  in  alkaline  urine.     The  addition 
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of  a  fi\od  alkali  to  urine  \vill  precipitate  amorphous  phosphates  and  car- 
boiiati^s.  On  hcating  urine  having  a  low  acid  or  alkaline  reaction,  a  white 
cloud  similar  to  that  produced  by  albumin  appears  which  consists  of 
phosphates  or  cari)onates.  On  the  addition  of  aeetic  acid,  phosphates 
and  carbonates  are  dissolved.  The  solution  of  the  latter  is  attended  with 
the  evolution  of  gas.  Amorphous  phosphates  or  carbonates  are  often 
rcsponsible  for  a  turbid  urine  with  a  heavy  sediment.  Microscopically, 
these  bodies  appear  as  coloriess,  coarse  granules,  which  are  soluble  in  aeetic 
acid.  Phosphatic  sediments  are  occasionaHy  symptomatic  of  certain 
types  of  d3'spepKia,  of  neurasthenia,  of  diseases  associated  \vith  marked 
gastric  a('idity,  and  of  some  cases  of  cvstitis.  A  deposit  of  phosphates 
does  not  of  itself  indicate  an  increased  output  of  phosphori^  acid;  this  can 
only  be  determined  by  quantitative  analysis. 

Ammonium  biurate  app<*ars  as  dark  brown  spheroidal  bodies  from  the 
surface  of  which  spicules  project,  the  so-called  "thom-apple"  or  "hedgc- 
hog''  cr>^stals,  and  in  the  form  of  coarse  yellow  needles  grouped  in  clusters. 
Ammonia  biurate  niay  be  associated  with  tripic  and  amorphous  phosphates. 
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Acetic  acid  will  cause  solution  of  these  crystals  with  the  fonnation  of  uric 
scid.  Ammomacal  fermentation  of  the  urine,  occurring  in  the  bladder  or 
after  it  has  been  voided,  is  responsible  for  the  precipitation  of  ammonium 
biurate. 

Cholestbbin  crystals  occur  aa  colorless  thin  plates.  Thcy  are  rare 
constituents  of  urinary  sedimcnt  and  have  been  observed  in  hydatid  cystic 
kidncy,  pyonephrosis,  hydronephroBis,  and  cystitia. 

Indigo,  a  rare  ingredient  of  the  urinary  sedimcnts,  is  found  in  the 
form  of  a  blue  crystalline  body  consisting  of  needlcs  grouped  in  a  stellate 
manncr  or  as  rhombic  platc-s,  and  also  as  bluish  amorphous  granules. 
The  amorphous  material  is  not  infrequently  present  in  deconiposing  urine. 
Indigo  is  a  rare  constitucnt  of  urinary  calculi. 

C«llular  Deposits.  —  Epithelial  Cells. — Epithelial  cella  in  small 
numbers,  not  sufficicnt  to  impart  a  sediment  or  cloudiness  to  the  urine, 
can  be  found  in  cvery  speci- 

men.      In    niany    instances     '     ..-iii-j^  *  J  '  ,   '      ' 

thcir  number  is  so  large  as        ^^^■•'"o  ^^V  »/.   "'  '  •  i  '* 

to  justify  a  diagnosis  of  an 
inflammatorj',  atrophic,  or 
degeneratlve  lesion  involv- 
ing  the  gomto-urinary  traet. 
The  prcdominancc  of  one  or 
sevcral  of  the  typcs  of  epi- 
thelial elementa,  unless  por- 
rclated  with  other  chnical 
data,  has  littlc  significance. 
It  is  impossible  to  locate 
dcfinitcly  a  lesion  of  the 
genito-urinary  tract  froni  the 
morphological  charactera  of 
cpitheliuin  alone.  This  diffi- 
cultv  is  apparent  whcn  we 
considcr,  (1)  similaritv  of 
many  of  the  cella  of  <lifreri'nt  parta  of  the  tract,  notably  thonc  derived 
from  the  pelvia  of  the  kidney,  ureters,  and  bladder,  (2)  alterations  in  the 
shape  of  these  delicate  formations  due  to  the  a<;tii)n  of  the  urine,  aml  (3) 
the  influence  eserted  on  theae  cells  by  morbific  factors,  such  as  necrosis, 
pressure.  etc,  Therefore,  little  iniportance  should  I«  attached  to  tlieir 
histoloKical  stnicture.  Round  cells,  having  a  relntivcly  largc  nucieiis,  are 
derived  from  the  tubular  struetures  of  the  kidney  and  the  deeper  layera 
of  the  renal  |>elvis.  When  casts  are  beset  with  round  cells  it  points  to  a 
renal  origin  of  this  epitheliuni,  An  abundance  of  round  cella  in  the  absence 
of  casts,  eHpeciaIly  when  pus-ccUs  and  subjective  symptonis  pointing  to 
pyelitis  are  present,  is  suggestive  of  origin  from  the  renal  |>elvis.  This 
opinion  is  strengthened  l>y  the  presence  of  polygonal  aml  conical  cella. 
some  of  which  have  a  tail-like  elongation  of  their  protopIa.sni ;  these  cells 
are  often  arranged  in  a  stnitifled  nianner.  Round  cells  are  also  derived 
from  the  male  urethra,  while  small  conical  and  polyEonal  cells  originate 
in  the  Buperficial  Iayer3  of  the  pelvis  of  the  kidney,    Cviindrical  cells  with 
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bluntly  pointed  ends  are  found  in  tlie  superficial  layers  of  the  male  urethra. 
Flattened,  oval  or  circular,  or  polygonal  cells  line  the  superficial  lavers  of 
the  ureter,  bladder,  prepuce,  fossa  navicularis,  and  vagina.  Large  squa- 
mous  cells  are  generany  derived  from  the  vagina  or  prepuce.  Protopla«riiic 
degeneration  of  the  epithelial  cells  is  extremely  common.  A  final  diagnosis 
should  never  depend  on  the  characters  of  the  epithclia  in  the  absence  of 
clinical  findings. 

Leucocvtes. — A  careful  search  in  every  normal  or  morbid  speci  men 
of  urine  will  rcveal  a  few  leucocytes.  The  action  of  the  urine  upon  those 
cells  causes  alterations  in  their  structure.  In  acid  urine  they  have  a  distinct 
nucleus,  while  in  alkaline  urine  their  protoplasm  is  swollen  and  cloudv, 
obscuring  the  nucleus.  By  treating  a  specimen  of  urine  having  a  weakly 
acid  or  alkaline  reaction  with  acetic  acid,  the  nuclear  outline  becomes  shaiply 
marked.    The  leucoc3'tes  stain  a  mahogany  brown  with  a  solution  of  iodo- 

potassic  iodide  (glvcogen  reaction). 

'    ^,,^  ^  while   epithelial  cells    are  tinted  a 

^  ^  "^     ^^         light  yellow  \vit h  this  reagent.     Pus- 


«      fT^       /3^  /S^  "  ^^^'^  ^^  considerable  or  large  nunil^ers 

jjj.  t...^  *^''        r'  frequently     indicate     inflammatorv 

^^   ^  -'•  (^*  disease  of  some  part  of  the  genito- 


^)  urinary  tract.     They  occur  in  renal 

^.-,      .  j)  ^  hypera»mia,   nephritis,   abscess    and 

Q    ^''      O        .<i"  -..,  tul>erculosis  of  the  kidney,  pvelitis, 

^^/-^  urethritis,   cvstitis.  prostatitis,    cpi- 

4^       ^  ^'    •  •  didvmitis,   and   orchitis.     A   leucor- 

fe^  ''     ^  •  rhcjeal  dischargeisacommoncause(»f 

I      (^    O  Of'*'^.'"      (T)  pyuria.    Urine  containing  many  pus- 

^-^      ■  ■        .    "^  corpuscles  generally  gives  a  positive 

:   (if"  /*,*  ^ *  •**  reaction  for  albumin.    Kenal  and  ex- 

trarenal  albuminuria  may  co€xist. 

Fig.  110.— Red  blood-cellM  and  leucoote«.  ReD  BU)()D-CELLS. — HffmatUria. 

or  the  presence  of  red  corpuscles  in 
the  urine,  is  ahvavs  pathological  except  during  menstruation.  In  cer- 
tain  uterine  (li.sea.ses  attcndcd  with  bloody  discharge  some  of  the  eryth- 
rocvtes  mav  be  \vashod  into  the  urine.  A  microscopic  inspection  serves 
to  rccognize  red  blood-cells  in  almost  every  instance,  so  that  chemical 
test.*«  for  their  detoction  are  rarely  require<l.  In  some  urines  the  re<l  cells 
are  unaltered,  while  in  othcrs  changes  in  their  structure  are  found,  such  as 
decided  shrinkagc  of  the  celi,  or  crenation,  or  thev  mav  bo  partially  or 
completolv  decolorized.  and  appear  as  pale  yellow  disks  or  as  faintly  out- 
lined  rings  (phantom  corpuscles).  The  quantity  of  blood  mav  be  sufficient 
to  tingc  the  urino  palo  or  dark  ro<l,  but  in  manv  casos  the  amount  is  so 
small  that  the  microscopic  tost  is  ossontial  in  tho  diagnosis  of  luomaturia. 
Whon  the  orvthrocvtos  aro  intimatolv  mixod  \vith  tho  urine,  this  suggests 
a  homorrhago  in  tho  ki(lnoys,  ronal  polvis,  or  urotors.  The  presence  of 
deha^moglobinizod  corpuscles  is  notod  in  kidnov  losions,  such  as  congestion 
and  inflammation.  Unalterod  blood  or  blood-tingod  urine  passod  at  the 
beginning  of  micturition  is  of  urethral  origin;  on  the  other  hand,  when 
6/oo(J  appears  at  the  end  of  urination,  ita  Rovirce  is  |j;enerally  the  neck  of 
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the  bladder.  Bleeding  may  cause  coagula  of  certain  shapes;  cylindrical 
clots  of  large  size  suggest  urethral  hemorrhage,  thpse  of  small  diameter 
may  indicate  ureteral  hemorrhage,  while  irregular  clots  often  form  in  the 
bladder.  Neither  the  morphological  characters  of  red  blood-cells  nor  the 
size  and  outline  of  clot  can  be  relied  upon  to  definitely  determine  the 
site  of  a  hemorrhage,  unless  these  findings  are  supported  by  other  clinical 
data.  The  use  of  the  cystoscope,  urethral  and  ureteral  catherization,  and 
examination  with  X-rays,  especially  for  renal  calculus,  afford  valuable 
adjuncts  in  the  diagnosis  of  hsematuria.  An  albumin  reaction  is  invariably 
obtained  when  red  blood-cells  are  abundant  in  the  urine,  but  when  only 
small  numbers  exist,  a  negative  test  is  the  rule.  The  quantity  of  albumin 
is  proportionate  to  the  amount  of  blood. 

Tube-casts. — These  are  cylindrical  bodies  moulded  in  the  uriniferous 
tubules.  Their  structure  is  variable,  and  may  consist  of  a  hyaline  or  waxy 
material,  of  cellular  bodies,  of  granular  elements,  of  fat  globules,  and  in 
rare  instances  of  bacteria  or  of  amorphous  substances. 

Htaune  Casts. — These,  by  far  the  most  common,  are  slightly  refrac- 
tile,  transparent,  of  regular  outline,  with  rounded  ends.  They  are  invisible 
in  a  brightly  illuminated  field  on  the  microscope,  so  that  it  is  necessary 
to  cut  off  much  of  the  reflected  light  with  the  iris  diaphragm  in  order  to 
bring  out  their  outline.  Epithelial  cells,  leucocytes,  red  blood-corpuscles, 
and  granules  frequently  beset  these  casts,  and,  indeed,  it  is  not  uncommon 
to  find  adherent  cells  or  granules  sa  numerous  that  the  hyaline  material 
is  obscured.  Casts  covered  with  granules  are  termed  hyalogranular.  This 
appearance  may  make  it  impossible  to  distinguish  hyaline  casts  from  those 
composed  principally  of  granules.  Clinically,  however,  the  significance  of 
hyaline  casts  coated  with  granules  and  those  composed  wholly  or  mostly  of 
granules  is  id^tical.  It  should  be  remembered  that  a  sharp  distinction  can- 
not  be  drawn  between  these  forms.    Hyaline  casts  are  soluble  in  acetic  acid. 

Waxy  CAST8  appear  as  highly  refractile,  sharply  defined,  colorless 
or  yellowish  cylinders,  showing  a  tendency  to  transverse  fragmentation. 
Like  hyaline  casts  they  may  be  studded  with  cells  or  granules.  They 
may  exhibit  an  amyloid  reaction,  but  this  is  no  criterion  that  lardaceous 
renal  disease  exists,  but,  on  the  contrary,  amyloid  disease  of  the  kidney  is, 
as  a  rule,  not  associated  with  casts  giving  this  reaction.  Not  infrequently, 
casts  are  observed  that  cannot  be  definitely  classified  as  belonging  to  the 
waxy  or  hyaline  varieties. 

Granular  casts  are  composed  of  fine  or  coarse  granules.  Cells  form- 
ing  leucocytic  or  epithelial  casts  may  show  a  decided  granular  protoplasm, 
so  that  it  becomes  difficult  to  distinguish  their  outline;  these  types  consti- 
tute  border  line  varieties  between  cellular  and  granular  casts.  CIinically, 
this  is  of  little  moment,  since  the  granular  or  fatty  casts  represent  products 
of  degenerated  cells.     Acetic  acid  dissolvcs  granular  casts. 

Fatty  casts  consist  of  fat  globules  dcrived  from  degenerated  cells. 
Ether  dissolvos  fatty  casts. 

Epithelial  casts  are  made  up  of  renal  epithelial  cells,  many  of  which 
present  degenerative  changes.    These  casts  may  have  tubular  form. 

Leucgcvtic  casts  consist  of  white  blood-cells.  They  are  generally 
recognized  at  a  glance,  but  should  unccrt8dnty  ame  a^  \iO  \Xi<^  Oci.^\^K:\j^x  ^\ 
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line  casts,  bccausc  of  its  length  and  flattened  appearance.    A  second  group 
consists  of  elongated  cylindrical  bodies.     They  show  considcrable  varia- 
tion  in  their  short  diameter,  and  are  composed  of  a  hvaline  material.    This 
cvlindroid  often  tapers  into  a  long  thread-like  tail.     Some  of  the  latter 
variety  closely  resemble  hyaline  casts,  but  can  generally  be  distinguished 
from  glassy  casts  by  their  irregular  diameter.     The  material  composing 
the  latter  typc  is  soluble  in  acetic  acid.     Some  authorities  contend  that 
this  form  of  eylindroid  has  the  same  clinical  significance  as  the  hyaline 
čast.     The  mucous  eylindroids  are  in  the  main  formed   in  the  bladder. 
Clinical  Significance  of  Tube-casts. — Tube-casts,  especiallv  of   the 
hyaline  variety,  are  often 
found  in    the   urine    of 
morbid  states  and  occa- 
sionally    of    apparently 

healthy  persons.     Some  '  1 

observers  maintain  that 
their  presence  in  the 
urine  of  so-called  healthy 
persons  can  be  explained 

by    temporary    circula-  2  j 

tory  disturbances,  such  j   . 

as   result    from    violont 

phvsical  exercise  or  from  : 

overstimulation,  as  with  r 

alcohol.  These  circula- 
tory    derangements,    al- 

though  of  a  temporary  '         ^ 

nature,    cannot    be    re-  '  *     ..        -. 

garded  as  stiictly  physi-  V 

ological;    therefore,    the  J 

presence  of  casts  under 
<iuch  circumstances  re- 
fl(»cts  an  abnormality  of  2 

the  renal  function.    The 

finding    of    casts    OVer    a  Fio.  IIS.— Cvlindmids.     l.rylin(iroi.1jiif!vmbrmKhvnlinetube- 

lOng       ptnoa       gene  iaiiy        cyliiidroid.-«;  4,  opiral  f..rm  of  cvlindroid— Modii;«?d  from  Euur.-*on. 

warrant8  a  diagnosis  of 

structural  changes  in  the  kidnevs.  Tlio  number  of  casts  present  in  a  speci- 
men  of  urine  is  sometimos  an  inclex  of  the  extent  or  severity  of  renal  involve- 
ment.  In  acute  difTuse  nephritis  their  number  is  generally  large,  in  chronic 
parenchynuitous  nephritis  thev  are  usuallv  fairly  abundant,  while  in  the 
iuterstitial  form  only  a  small  number  is  not(Hl.  In  passive  renal  conges- 
tion,  amvloid  disease,  and  in  tho  degenerations  attending  febrile  diseases, 
casts  are  generally  few  in  number,  but  occasionally  plentiful.  The  size  of 
casts  variei>  considerablv.  Large  cvliiulers  at  times  exceed  1  mm.  in  length. 
The  size  of  tube-casts  has  no  special  diagnostic  signilicanc(j.  The  predomi- 
nance  of  one  or  several  varicaies  of  casts  may  be  of  value  in  deciding 
the  character  of  a  n»iud  le.sion.  Hvaline  casts  do  not  signify  any  special 
morbid  change,  as  they  occur  under  a  varietv  oi  c\ycm\\v3X«^tvr,^>^.    V^Vva^til 
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they  appear  when  there  is  only  a  Aight  functional  derangement  of  the 
ki(ineys,  but  they  are  invariably  present  in  organic  renal  disease.  Waxy, 
granular,  epithelial,  and  fatty  casts  point  to  degeneration  of  the  renal 
parenchyma,  while  pus-casts  may  indicate  purulent  kidney  disease.  Blood- 
casts  signify  hemorrhage. 

Spermatozoa  and  Testiculab  Casts. — Spermatozoa  are  foond  in  the 
urine  af  ter  coitus  pollution,  and  rarely  af  ter  convulsions.  The  urine  which 
eontains  spermatozoa  occasionaIly  reveals  testicular  casta  These  casts 
closely  resemble  renal  casts.  They  can,  however,  be  distinguished  from  the 
latter,  since  they  occur  only  in  the  first  part  of  the  urine  voided,  while  renal 
casts  are  present  in  the  entire  specimen.  Their  recognition  depends  mainly 
upon  the  finding  of  spermatozoa  with  these  casts  in  the  first  urine  of  a  two- 
glass  test,  and  an  absence  of  both  of  these  elements  in  the  second  specimen 
of  urine. 

Irregular  shreda  and  ribbon-like  threads  (Tripperfaden)  are  seen  with- 
out  magnification  in  the  urine  after  acute  gonorrhoea  and  in  chronic  ure- 
thritis.  They  consist  of  shreds  of  coagulated  mucus,  to  which  are  generally 
adherent  leucocytes  and  epithelial  cells. 

Bacteria;  Animal  Parasites. — Bacteria. — The  presence  of  bacteria  in 
ftbnormal  urine  depends  upon  (1)  contamination  of  urine  after  it  is  voided, 
(2)  existence  of  infectious  lesions  of  the  genito-urinary  tract  or  communi- 
cating  with  it,  and  (3)  elimination  of  bacteria  from  the  blood  by  the  kidney& 
In  large  numbers  bacteria  impart.  turbidity  to  the  urine,  which  does  not 
clear  up  completely  by  centrifugating  or  by  paasing  the  urine  through 
filter-paper. 

The  Micrococcus  urese  is  considered  responsible  for  ammoniacal  fer- 
mentation.  The  colon  bacillus,  tubercle  bacillus,  typhoid  and  paratyphoid 
bacillus,  plague  bacillus,  ray  fungus,  sarcinae  and  moulds  are  the  commoner 
micro-organisms  found  in  pathological  urine.  The  typhoid  bacillus,  which 
is  eliminated  by  the  kidney  in  every  čase  of  enteric  fever,  is  occasionally  the 
exciting  factor  of  infiammatory  disease  of  the  bladder  and  renal  pelvis. 

Tubercle  bacili  i  in  the  urine  may  indicate  a  tuberculous  focus  in  the 
urinary  tract.  Their  elimination  by  the  kidney8  from  the  blood  in  the 
absence  of  genito-urinary  tuberculosis  has  been  suggested. 

Watson  's  method  for  the  demonstration  of  tubercle  bacilli  in  the  urine 
is  verv  satisfactory.^  Technic. — Irrigate  the  glans  penis  and  urethra  with 
sterile  wate]:  and  have  the  patient  void  in  three  glasses.  The  last  glass  is  a 
250  c.c.  conical  shaped  sedimenting  glass  which  is  capable  of  being  fitted  in 
a  high  powered  laboratory  centrifuge.  If  unable  to  secure  the  desired 
amoiint — 200  c.c. — the  specimen  is  set  aside  under  sterile  conditions  and 
the  process  repeated  as  often  as  required.  The  urine  may  be  secured  by 
catheter  and  the  entire  quantity  used. 

Centrifuge  the  specimen  for  five  minutes.  If  much  sediment  is  present 
add  5  c.c.  of  antiformin  and  thoroughly  mix.  The  specimen  ia  again  cen- 
trifuged — thirty  to  forty-five  minutes — after  which  the  supematant  fluid  is 
decanted  off  and  the  sediment  used  for  preparing  glass  slides.  The  slides 
are  dried  in  air  and  fixed  by  heat.     If  the  slides  seem  too  thick,  plaoe  in  a 
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5  per  cent.  acid  (HCl)  alcohol  mixture  for  two  minutes.  The  slides  are 
iiOW  sahmerged  in  a  solution  of  earbol  f uehsin  for  ten  minutes.  The  solu- 
tion  is  heated  until  it  steams.  Wash  slides  with  water,  plače  in  a  2  per  cent. 
acid  (HCl)  alcohol  solution  until  completely  decolorized,  and  counterstain 
with  LoeflBer'8  methylene  blue. 

The  smegma  bacillus  which  exists  in  the  secretions  of  the  external 
genitala  is  differentiated  from  the  tubercle  bacillus  by  the  acid  alcohol 
method  or  by  Pappenheim's  stain. 

Yeast  cells  f ound  in  diabetic  urine  may  give  rise  to  pneumaturia. 

Animal  Parasites. — The  Trichomonas  vaginalis  is  rarely  noted  and 
its  presence  is  probably  dependent  upon  contamination  of  the  urine  with 
a  vulvovaginal  discharge  containing  this  parasite.  Ova  of  the  Distoma 
hsematobium  are  sometimes  seen  in  the  urine  when  the  adult  worm  resides 
in  the  mucous  membrane  of  the  renal  passages.  Distomiasis  is  essentially 
a  tropical  disease  which  is  occasionally  responsible  for  haematuria.  Filarial 
€mbryos  have  been  found  in  certain  cases  of  tropical  haematuria.  Echino- 
coccus  hooklets  or  fragments  of  cysts  may  be  present  in  cases  of  hydatid 
disease  of  the  urinary  system.  There  are  a  few  instances  on  record  in 
which  the  Eustrongylus  gigas  was  noted  in  the  urine. 

Cakuli. — Urinary  calculi  of  renal  and  vesical  origin  vary  in  size  and 
outline.  Stones  small  enough  to  pass  through  the  urinary  passages  are  more 
eommon  than  the  large  calculi  found  in  the  renal  pelvis  or  bladder. 

Uric  Acro  stones  vary  in  size  from  that  of  a  grain  of  sand  to  concre- 
tions  large  enough  to  fill  up  the  renal  pelvis.  These  calculi  are  reddish- 
brown  or  dark  gray,  very  dense,  have  a  smooth  or  slightly  roughened  sur- 
face,  dissolve  in  alkalies,  and,  when  treated  with  sodium  hydrate,  generate 
ammonia.  They  give  murexide  test.  Sometimes  calcium  oxalate  is  present 
in  uric  acid  concretions.  Ammonium  urate  stones  have  a  waxy  consist- 
ence,  give  the  murexide  test  and  liberate  ammonia  when  treated  with  sodium 
hydrate.  These  calculi  are  rare.  At  times  they  are  found  in  adults,  and 
are  occasionally  discovered  in  the  new-bom.  Calcium  oxalate  stones  are 
responsible  for  severe  attacks  of  renal  colio  and  ha?maturia.  These  calculi 
are  very  hard,  their  surface  is  generally  irregular,  often  showing  sharp 
projections,  and  their  color  is  dark  gray  or  black.  IIydrochloric  acid  dis- 
solves  them,  and  aeetic  acid  will  also  cause  solution  when  added  to  the 
powdered  stone.  PnospHATE  stones  have  a  soft  texture,  are  white  or  pale 
yellow,  and  have  a  rough  surface.  Thev  are  soluble  in  aeetic  acid  without 
gas  formation.  Thev  are  formed  in  the  bladder  much  more  frequently  than 
in  the  renal  pelvis.  Cvstin  stones  have  a  wax-like  consistencyy  are  white  or 
yellowish  in  color,  dissolve  in  ammonia,  and  give  the  reaction  for  cvstin. 
They  are  of  rare  occurrence.  XaNTHIn  stones  are  hard,  of  a  white  or  yel- 
lowish-brown  color,  and  dissolve  in  ammonia.  Indigo  stones  have  a  blue  or 
bluLsh-gray  color.  Xanthin  and  indigo  calculi  are  extremely  rare.  Calcium 
CARBONATE  stones  arc  white,  have  a  chalk-like  consistency,  and  are  soluble 
in  aeetic  acid  with  gas  formation.  Stones  consisting  of  pattv  acids  and 
cholesterin  have  been  recorded  in  a  few  instances. 

Tumor  fragments  from  carcinoma  or  sarcoma  of  the  urinary  tract  are 
Tarely  present  in  the  urine.  Pečal  matter  has  been  found  in  the  urine  in 
cases  of  enterovesieal  fistula. 

10 
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CHEMICAL  EXAMINATION. 

Nitrogenous  Bodies. — The  normal  amount  of  nitrogen  eliminated  by  the 
kidneys  per  day  varies  between  10  and  16  grammes.  It  inay  be  reduced 
to  5  or  6  grammes  on  a  vegetable  diet.  Nitrogen,  the  best  index  of  proteid 
metabolism,  is  principally  eliminated  in  the  form  of  urea,  and  to  some 
extent  as  ammonia,  uric  aeid,  and  extractives.  Hammarsten's  estimation 
of  the  pereentage  of  nitrogen  exereted  in  the  principal  nitrogenous  bodies 
is  as  f ollows : 


Adulta,  per  cent. 

Infanta,  per  cent. 

TJrea 

84  tO  91 

2to5 
lto3 
7  to  12 

73  to  76 

NH 
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Uric  acid 

3  to  8.5 

Extractives 

7.3  to  14.7 
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Nitrogen  is  increased  by  a  rieh  proteid  diet,  active  exercise,  in  fevers, 
in  cachexia,  in  diabetes,  in  poisoning  by  arsenic,  antimony,  phosphorus, 

and  certain  organic  poisons,  after  hemorrhage,  in 
dyspepsiay  during  the  resolution  stage  of  pneu- 
monia,  and  from  the  absorption  of  exudates  and 
transndates.  It  is  lowered  from  laek  of  exercise, 
by  a  vegetable  diet  or  one  containing  much  carbo- 
hydrate,  during  the  convalescence  of  fevers,  in  per- 
sons  gaining  weight  rapidly,  during  pregnancy, 
during  the  f  ormation  of  exudates  and  transudates, 
and  in  nephritis. 

Urea. — Quantitative  Estimation;  Htpobro- 
MiTE  JIethod. — This  quantitative  test  is  based  upon 
the  principle  that  an  alkaline  solution  of  hypobro- 
mite  of  soda  will  decompose  urea  into  nitrogen,  and 
carbon  dioxide,  which  is  absorbed  in  the  excess  of 
alkali.  The  amount  of  urea  is  estimated  by  the 
vol  ume  of  nitrogen  set  free.  Hiifner  has  shown 
tbat  one  cubic  centimetre  of  nitrogen  (at  0°  C.  and 
760  mm.  pressure)  represents  .00268  gramme  of 
urea.  A  eonvenient  method  (Rice)  of  preparing 
the  hypobromite  reagent  is  as  follows:  (1)  A  solu- 
tion is  made  by  dissolving  100  grammes  of  NaOH 
in  250  c.c.  of  water;  (2)  a  solution  of  bromine 
one  part,  potassium  bromide  one  part,  and  water 
eight  parts.  These  solutions  are  mixed  in  equal 
amounts.  Special  forms  of  apparatus  have  been 
devised  for  coUeeting  the  nitrogen  and  measuring 
its  volume.  The  Heintz  modification  of  the  Doremus  apparatus  can  be 
high}y  recommended  because  it  is  easy  to  operate  and  is  8ufficiently  accurate 
for  clinical  purposes.      With  thia  apparat\i&  the  test  is  conducted  a& 


Fio.  119.— Heinta  modifi- 
cation of  Hafner  apparatus  for 
urea  determinatioo.  .4,  bulb; 
B,  graduated  tube  to  coUect 
and  measure  the  nitrogen;  C, 
tube  for  urine;  D,  atop-oook. 
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follow8:  The  large  tube  is  filled  i^dth  hypobromite  reagent  and  the  small 
tube  with  urine  up  to  the  point  indicated  by  the  mark  1.  By  opening  the 
stop-cock,  one  eubic  centimetre  of  urine  is  allowed  to  flow  very  slowly  into 
the  large  tube.  The  reaetion  oeeurs  immediately  and  nitrogen  gas  is  set 
free  and  eoUects  in  the  upper  part  of  the  tube  by  displaeing  the  fluid.  The 
apparatus  is  then  set  aside  for  fifteen  minutes,  when  the  reading  is  taken. 
The  amount  of  urea  for  one  cubie  centimetre  of  urine  is  indicated  by  a 
graduated  scale  at  the  upper  level  of  the  fluid.  Albumin  should  always  be 
removed  bef ore  making  this  test. 

The  Urease  Method  for  the  determination  of  urea  is  probably  the  most 
sati8factory.  The  method  depends  upon  the  principle  that  the  enzyme 
urease  is  able  at  ordinary  temperatures  to  transform  urea  into  ammonium 
carbonate,  quickly  and  completely.  The  urine  is  treated  with  urease.  Aerate 
the  ammonia  formed  into  fiftieth  normal  acid  and  titrate  the  excesa 
acid  with  fiftieth  normal  alkali.  The  number  of  c.c.  of  fiftieth  normal  acid 
neutralized  is  multiplied  by  the  factor  0.056  to  measure  the  number  of 
grammes  of  urea — plus  ammonia-nitrogen  in  100  c.c.  of  urine.* 

On  an  ordinary  diet  the  daily  amount  of  urea  varies  between  20  and 
40  grammes,  on  a  rich  diet  it  may  reach  100  grammes,  while  on  a  restricted 
diet  it  is  sometimes  reduced  to  15  grammes.  As  a  rule  the  quantity  of 
urea  and  the  total  nitrogen  output  are  parallel,  so  that  for  clinical  purposes 
the  amount  of  urea  is  generally  determined  instead  of  the  total  nitrogen. 
Urea  may  show  a  reduction  with  a  rise  in  the  ammonia  elimination. 

Uric  Acid. — Folin's  Modification  op  Hopkin^s  Test. — Three  hundred 
cubic  centimetres  of  urine  are  treated  with  75  c.c.  of  a  reagent  prepared  as 
follows:  500  grammes  of  ammonium  sulphate  and  5  grammes  of  uranium 
acetate  are  dissolved  in  650  c.c.  of  water,  to  which  are  added  60  c.c.  of  a 
10  per  cent.  acetic  acid  solution,  and  water  enough  to  bring  the  amount  up 
to  1  litre.  After  standing  for  about  five  minutes  the  urine  so  treated  is 
filtered  through  two  thicknesses  of  filter-paper.  Into  each  of  two  beakers 
125  c.c.  of  filtrate  are  poured,  treated  with  5  c.c.  of  concentrated  ammonia, 
and  set  aside  for  twenty-four  hours.  The  ammonium  urate  precipitate  is 
next  washed  with  a  small  quantity  of  a  10  per  cent.  solution  of  ammonium 
sulphate.  The  precipitate  of  ammonium  urate  collected  on  filter-paper  is 
washed  with  100  c.c.  of  water  into  a  beaker,  after  perforating  the  filter- 
paper.  The  solution  is  finally  treated  with  15  c.c.  of  concentrated  sulphuric 
acid  and  then  immediately  titrated  with  a  1/20  normal  solution  of  potas- 
sium  permanganate,  until  a  faint  red  color  tints  the  entire  solution.  This 
color  disappears  rapidly.  Each  cubic  centimetre  of  a  1/20  normal  per- 
manganate solution  represents  .00375  gramme  of  uric  acid. 

Uric  acid  is  an  oxidation  product  of  the  xanthin  bases.  Its  origin 
dep>end8  upon  the  nucleins  derived  from  the  food  (exogenoiui  uric  acid)  and 
from  the  bodv  tissues  (endogenous  uric  acid).  The  normal  daily  amount 
of  uric  acid  found  in  the  urine  varies  between  .2  and  1.25  grammes,  which 
represents  f rcMn  1  to  2  per  cent.  of  the  total  nitrogen  output.  Uric-  acid  is 
increased  by  a  diet  rich  in  nuclear  proteids,  active  muscular  exercise,  in 

>Bm  Fwke  (Journ.  Biol.  Chem..  2^-455.  1015).Van  Slyke  and  CuUcn  Uo\mi.^\c\.e\u(tcv.«*i\AV«  AVkSSv 
ADd  BAwk  (PneticMi  Phyniologicml  ChenuMUy,  6th  edition)  for  deUiia  ot  metJhod. 
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fevers,  in  ansemia,  in  Icuksemia,  in  pneumonia  during  the  stage  of  resolu- 
tion,  in  cirrhosis  of  the  liver,  and  in  diabetes  mellitus.  In  gout  the  amount 
of  uric  acid  is  generally  deereased  between  the  aeute  attacks,  and  rises  .dur- 
ing and  immediately  after  the  paroxysm.  In  gout  an  inerease  of  uric  acid 
*  is  found  in  the  blood  (urataemia).  The  mere  existence  of  uratsemia  does 
not  ju8tify  the  conclusion  that  it  is  the  prineipal  or  primary  faetor  of 
this  disease;  on  the  eontrary,  it  would  appear  that  an  inerease  of  urates 
which  occurs  in  a  number  of  conditions,  as  ansemia,  leukaemia,  and  during 
the  resolution  stage  of  pneumonia,  does  not  in  itself  favor  preči pitation 
of  biurate  of  sodium.  It  has  been  suggested  that  an  excess  of  sodium  salts 
in  the  blood,  lymph,  and  especially  in  synovial  fluid,  determines  the  precipi- 
tation  of  urates.  Solutions  of  uric  acid  have  been  shown  to  possess  only 
slightly  toxic  or  harmless  properties  when  injected  into  the  tissuesof  animals. 

The  quantity  of  urio  acid  in  the  urine  is  deereased  on  a  restricted  diet, 
especially  one  poor  in  substances  containing  nucleins,  after  the  adminisr 
tration  of  large  doses  of  quinine,  in  nephritis,  and  in  certain  chronic  diseases. 
At  the  present  time  a  final  opinion  as  to  the  role  played  by  uric  acid  in  the 
80-called  uric  acid  diathesis  cannot  be  given. 

Xanthln  Bases. — ^Under  thLs  heading  is  included  a  group  of  substances 
found  in  the  urine  in  very  small  amounts  and  regarded  as  being  formed 
from  nucleins.  In  this  group  may  be  included  xanthin,  hypoxanthin, 
heteroxanthin,  paraxanthin,  guanin  and  adenin.  In  the  main  it  may  be 
said  that  the  amounts  of  uric  acid  and  the  xanthin  bases  fluctuate  in  a  paral- 
lel  manner.  The  xanthin  bases  are  increased  in  the  urine  in  leukaemia,  after 
a  diet  rich  in  nucleins,  and  in  pneumonia.    Rarely,  calculi  consist  of  xanthin. 

Ammonla.  —  The  normal  daily  output  of  ammonia  is  about  0.7  gramme, 
which  represents  slightly  over  four  per  cent.  of  the  total  nitrogen  elimina- 
tion.  It  exists  in  combination  with  some  of  the  urinary  acids.  Its  presence 
in  the  urine  is  accounted  for  by  a  small  amount  of  ammonia  which  is  not 
transformed  into  urea  in  the  liver.  Ammonia  is  increased  in  conditions 
associated  with  deficient  oxidation,  as  cardiac  dyspn(£a,  in  certain  diseases 
of  the  parenchyma  of  the  liver,  such  asi  acute  yellow  atrophy  and  phos- 
phorus  poisoning,  in  diabetes  mellitus,  and,  notably,  in  pemicious  vomit- 
ing  of  pregnancy. 

Chlorides. — QuANTrrATTVE  Determination. — Ten  cubic  centimetres 
of  urine  are  diluted  with  90  c.c.  of  water,  to  which  are  then  added  a  few 
dropa  of  a  strong  potassium  chromate  solution.  A  standard  silver  solution 
(1  c.c.  of  which  represents  .0035  gramme  of  chlorine,  or  .0058  gramme  of 
NaCl)  is  then  slowly  added  from  a  graduated  burette.  The  development  of  a 
permanent  orange  color  indicates  that  aH  the  chlorine  has  been  precipitated. 

The  excretion  of  chlorides,  which  varies  from  10  to  15  grammes  per  day, 
depends  almost  exclusively  upon  the  quantity  of  chlorides  ingested.  A 
deereased  elimination  is  present  on  a  diet  poor  in  chlorides,  in  the  acute 
fevers  (probably  due  to  a  deficiency  of  chlorides  in  the  fever  diet),  before 
the  crisis  in  pneumonia,  in  acute  and  chronic  nephritis,  in  many  chronic 
diseases,  in  gastric  disorders  associated  with  vomiting,  in  diseases  attended 
jrhh  diarrhoML,  and  during  the  formation  of  transudates  and  ezudates. 
An  augmented  elimination  is  observed  ai\/&T  a.  d\<^  m\i  m  ^hLaridM,  after 
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the  acute  fevers,  especially  during  the  stage  of  resolution  of  pneumonia,  in 
diabetes  insipidus,  and  from  rapid  resorption  of  transudates  and  exudates. 

Pboq>bates. — Phosphorie  acid  of  the  urine  is  combined  with  sodium, 
potassinm,  ammonium,  calcium,  and  magnesium.  The  daily  amount  of 
phosphorie  acid  exereted  by  the  kidneys  varies  between  two  and  three 
grammes.  A  diminished  excretion  has  been  noted  in  some  febrile  diseases, 
in  eases  of  arthritis,  between  the  paroxysms  of  gout,  in  pregnancy,  in  acute 
yellow  atrophy  of  the  liver,  in  nephritis,  in  Addiscn  's  disease,  and  in  chronic 
lead  poisoning.  An  increased  elimination  has  been  noted  on  a  diet  rich 
in  meat,  during  the  attack  of  gout,  in  diabetes  mellitus,  in  neurasthenia, 
in  hysteria^  in  leuksemia,  and  after  active  muscular  exercise.  The  existenee 
of  a  phosphatic  deposit  in  the  urine  is  not  necessarily  a  sign  of  increased 
elimination,  and  is  frequently  due  to  alkalinity  of  the  urine.  A  quantita- 
tive  estimation  of  phosphorie  acid  is  necessary  to  establish  an  increased 
output.  Neubauer's  method  consists  in  titrating  the  urine  with  a  uranium 
nitrate  solution,  using  cochineal  as  an  indicator.  For  the  details  of  this 
method  special  works  on  urinary  chemistry  should  be  consulted. 

Sulphates« — Sulphuric  acid  exists  in  the  urine  as  mineral,  preformed 
or  neutral  sulphates,  and  as  conjugate  or  ethereal  sulphates.  The  total 
daily  output  of  sulphuric  acid  varies  between  2  and  3  granmies,  nine-tenths 
of  which  is  eliminated  as  mineral  sulphates  and  the  remainder  as  ethereal 
sulphates.  Ethereal  sulphates  occur  in  combination  with  certain  aromatic 
bodies,  the  most  important  of  these  being  phenol,  indoxyl,  skatoxyl,  and 
cresol.  The  sulphate  elimination  is  controUed  principally  by  proteid  metab- 
olism,  so  that  the  amount  is  increased  after  a  diet  rich  in  meat,  by  muscular 
exercise,  in  the  acute  febrile  diseases,  in  acute  inflammatory  diseases  of 
the  brain  and  spinal  cord,  and  by  certain  poisons  which  augment  proteid 
destruction.  The  output  of  sulphates  is  reduced  by  a  vegetable  diet  or 
one  poor  in  proteids,  during  the  period  of  convalescence  from.  the  acute 
fevers,  and  in  many  chronic  diseases.  The  quantity  of  ethereal  sulphates 
dependd  mainly  upon  putrefactive  changes  occurring  in  the  intestinal  tract, 
and  sometimes  in  other  parts  of  the  body.  The  normal  proportion  of 
ethereal  sulphate  to  neutral  sulphate  varies  considerably.  The  conjugate 
sulphates  are  diminished  by  starvation,  by  the  administration  of  calomel 
and  hydrochloric  acid,  and  are  increased  by  the  ingestion  of  alkalies  and 
carbolio  acid,  in  intestinal  diseases  associated  with  increased  putrefaction, 
as  in  constipation,  enteric  fever,  and  tuberculous  enteritis. 

Indican. — Obermaver^s  Test. — The  reagent  for  this  method  is  made 
by  dissolving  two  parts  of  ferric  chloride  in  1000  parts  of  concentrated 
hydrochIoric  acid.  A  small  amount  of  urine  is  treated  with  an  equal  part 
of  Obermayer's  reagent  and  the  mixture  shaken  with  2  or  3  cubic  centi- 
metres  of  ehloroform,  whieh  extracts  indican.  It  is  light  blue  or  colorless 
when  a  normal  amount  is  present,  while  an  increased  quantity  is  shown 
by  a  dark  blue  color. 

Jappe's  Test  Modipied  by  Stokvis. — Equal  volumes  of  hydrochloric 
acid  and  urine  are  mixed.  The  liquid  is  treated  with  a  droplet  of  a  con- 
centrated solution  of  sodium  or  calcium  hypochlorite  and  then  shaken  with 
a  tew  C.C.  of  chloraform.    A  blue  color  is  imparted  \x>  \)^^  d:!\ot^i«rKv\s^  ^Cisa 
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indigo.  An  approximate  estimate  of  the  amount  may  be  formed  by  the 
depth  of  this  color.  lodine  in  the  urine  tints  the  chlorofonn  pink.  Bile 
pigment  should  always  be  removed  with  lead  Bubacetate  before  testing 
for  indican.  Indol  is  formed  in  the  intestines  as  a  result  of  putrefactive 
processes;  in  the  blood  it  is  oxidized  and  eombines  with  sulphuric  acid, 
being  eliminated  as  sodiiun  or  potaasium  indoxyl  sulphate  or  indican.  As 
putrefaction  is  essential  for  the  formation  of  indican,  only  small  traces  of 
this  substance  occur  in  the  urine  of  healthy  persons,  since  intestinal  decom- 
position  is  slight  under  normal  conditions.  The  quantity  of  indican  is 
influenced  by  the  character  of  food,  being  smaller  upon  a  milk  than  on  a 
full  mixed  diet.  Jaffe  found  that  6.6  mg.  was  the  average  normal  amount 
for  1000  c.c.  of  urine. 

Pathological  indicanuria  occurs  in  carcinoma  of  the  stomach,  in  cer- 
tain  forms  of  gastritis,  and  in  conditions  associated  with  inhibited  intes- 
tinal  peristalsis,  as  constipation,  intestinal  obstruction,  and  peritonitis. 
The  amount  of  indican  is  augmented  in  putrid  bronchitis,  in  empyema,  and 
in  gangrene  and  abscess  of  the  lungs. 

Uriiiary  Pigments. — The  color  of  normal  urine  depends  chiefly  upon 
urochrome.  The  following  pigments  are  responsible  for  the  color  of  manv 
abnormal  urines :  pathological  urobilin,  uroerythrin,  haemoglobin,  metluemo- 
globin,  urohaematin,  uroroseinogen,  biliary  pigment,  and  melanin.  After 
the  ingestion  of  senna,  santonin,  iodine,  phenol,  and  creosote  abnormal 
pigmentation  of  the  urine  often  occurs. 

Billary  Pis^ments. — Rosenbach^s  Modification  of  Gmelin's  Mbthod. 
— The  urine  is  filtered  through  thick  filter-paper.  A  drop  of  concentrated 
nitric  acid  is  then  placed  upon  the  urine-soaked  filter-paper.  A  play  of 
colors,  consifiting  of  red,  yellow,  green,  blue  and  violet,  in  which  the  green 
predominates,  will  develop  in  the  presence  of  biliary  pigment. 

Smith's  Test. — A  mali  amount  of  tincture  of  iodine  diluted  with  10 
parts  of  alcohol  is  added  to  5  or  10  c.c.  of  urine,  so  that  the  iodine  solution 
forms  a  layer  above  the  urine.  An  emerald  color  forms  at  the  zone  of 
contact  of  two  fluids  when  bilirubin  is  present.  Biliary  acids  are  associated 
with  bilirubin  so  that  their  clinical  significance  is  practically  the  same. 
The  tests  for  biliary  acids  are  attended  with  considerable  diflficulty. 

The  biliary  pigments  are  bilirubin,  biliverdin,  bilifuscin,  and  biliprasin. 
Bilirubin  is  found  in  freshly  voided  urine  only,  while  the  other  pigments 
may  appear  after  the  urine  has  stood  for  a  time.  Biliary  pigment  occurs 
in  the  urine  in  both  toxffimic  and  obstructive  jaundice. 

Phenol. — Salkowski's  Test. — About  10  c.c.  of  urine  is  treated  with 
a  few  c.c.  of  nitric  acid  and  boiled.  On  cooling,  bromine  water  is  added. 
An  increased  amount  of  phenol  is  shown  by  the  development  of  a  decided 
doudiness  or  preči  pitate. 

The  amount  of  phenol  eliminated  is  very  small  (0.3  gramme  daily 
under  normal  conditions).  This  substance  Ls  increased  whenever  putrefac- 
tive processes  occur  in  the  body,  as  in  gangrene,  putrid  bronchitis,  em- 
pyema,  and,  rarely,  from  intestinal  decomposition.  It  has  also  been  demon- 
strated  in  tuberculosis,  meningitis,  peritonitis,  ery8ipela8,  scarlet  fever, 
snd  from  poisoning  witli  phenol  or  some  ot  its  derivatlves,  sueh  as  Bali^rlk 
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aeid,  pyrocatechin  and  hydroqumone.  The  urine  containing  phenol  may 
become  dark  brown  or  blaek  on  standing. 

FAthological  Urobilin.  —  Braunstein^s  Test. — About  20  c.c.  of  urine 
are  mixed  with  5  c.c.  of  a  reagent  whieh  eonsists  of  100  parts  of  a  eon- 
centrated  solution  of  cupric  sulphate,  6  parts  of  hydroehlorie  acid,  and  3 
parts  of  ferrie  ehloride.  A  small  amount  of  chloroform  is  added  to  thc 
mixture.    On  shaking,  the  chloroform  becomes  rose  colored. 

This  pigment  is  closely  related  to  uroehrome  and  can  be  diflPerentiated 
from  the  latter  by  the  spectroscope.  Urobilin  and  its  chromogen  are  solu- 
ble  in  chloroform  and  precipitated  with  ammonium  sulphate.  Pathological 
urobilin  is  sometimes  encountered  in  the  urine  in  febrile  diseases,  cirrhosis 
of  the  liver,  pernicious  anasrnia,  cancer,  cerebral  hemorrhage,  scurvy,  Addi- 
son's  disease,  hsemophilia,  and  syphilis. 

Melanin  and  /Vlelanogen. — These  substances  are  occasionally  found  in 
the  urine  of  persons  suffering  from  melanotic  tumors,  chronic  malaria,  and 
certain  wasting  diseases.  The  urine  containing  melanin  and  melanogen 
may  have  a  normal  yellow  color  when  voided,  but  becomes  darker  when 
expo6ed  to  the  air. 

Albumins. — ^"The  proteids  found  in  the  urine  ,are  serum  albumin,  serum 
globulin,  nucleo-albumin,  albumose,  Bence-Jones's  albumin,  hsemoglobin, 
fibrin  and  histon.  The  most  important  of  these  from  a  clinical  standpoint 
ia  serum  albumin. 

Serum  Albumin. — The  most  useful  tests  for  the  deteetion  of  albumin 
are  the  boiling  and  acidulation  tests  and  Heller^s  test,  because  they  afford 
uniformly  sati8factory  results,  are  simple  and  easily  applied.  It  is  claimed 
that  these  tests  are  less  sensitive  than  many  others,  such  as  Speigler's  and 
Tanret'8.  Before  testing  f or  lalbumin  the  urine  should  be  clear,  and,  if 
cloudy,  must  be  filtered  through  several  layers  of  filter-paper.  Bacteria 
cannot  be  c(Hnpletely  removed  by  filtration  through  ordinary  filter-paper. 
It  is  desirable  to  have  a  fresh  specimen  for  testing.  In  certain  cases  several 
samples  should  be  secured,  i,e,,  the  first  urine  passed  in  the  morning  on 
arising,  and  that  voided  late  in  the  aftemoon.  Albumin  reactions  are 
sometimes  less  distinct  in  concentrated  specimens  than  in  those  of  low 
specific  gravity,  and  it  is,  theref ore,  advisable  to»  dilute  an  inspissated  urine 
before  applying  albumin  tests. 

BoiUNG  AND  AciDUT^ATioN  Test. — Clcar  urine  is  boiled  in  a  test^tube. 
When  a  precipitate  forms  this  is  generally  due  to  either  phosphates  or 
albumin  (serum  albumin  in  conjunction  with  serum  globulin).  The  tur- 
bidity  caused  by  phosphates  clears  on  the  addition  of  a  few  drops  of  color- 
less  nitric  acid,  while  the  cloud  due  to  albumin  remains  or  even  is  intensi- 
fied  after  acidulation.  A  precipitate  of  carbonates,  developing  on  heating, 
will  disappear  upon  the  addition  of  nitric  acid  with  tho  liberation  of  gas 
(COj).  If  on  boiling  the  urine  remains  clear  but  subsequently  on  cooling 
a  cloud  develops,  this  is  due  to  albumose.  This  turbidity  will  again  dis- 
appear on  heating.  Certain  resinous  bodies,  as  copaiba,  benzoin,  cubebs, 
and  turpentine,  also  produce  a  precipitate  on  heating.  This  cloud  can 
be  distinguished  from  that  produced  by  albumin  by  the  fact  that  alcohol 
diflsolves  the  turbidity  produced  by  these  substance^.    V^^w  ^tgl^<^^yql^ 
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acetic  acid,  it  is  best  to  add  a  few  drops  before  boiling,  čare  being  taken 
to  avoid  an  excess,  since  albumin  may  not  precipitate  on  boiling.  If  a 
cloud  forms  after  the  urine  is  treated  with  acetic  acid,  this  is  caused 
by  nucleo-albumin  and  should  be  removed  by  filtration  before  testing  for 
serum  albumin.  The  most  accurate  results  are  obtained  with  this  method 
when  a  dilute  acetic  acid  solution  is  employed  (25  per  cent.). 

Heller's  Test. — Colorless  nitric  acid  is  aIlowed  to  flow  slowly  from 
a  pipette  into  a  test-tube  or  a  conical  glass  vessel  containing  a  small  quan- 
tity  of  urine,  so  that  the  urine  forms  a  distinct  layer  above  the  acid.  In 
order  to  prevent  mixing  the  acid  and  urine,  the  test-tube  or  conical  vessel 
should  be  inclined  vvhile  adding  the  nitric  acid.  When  serum  albumin  is 
present  a  white  disk  appears  at  the  zone  of  contact  between  the  urine  and 
acid.  When  a  small  amount  of  albumin  exists  the  precipitate  does  not 
form  immediately  but  in  the  course  of  several  minutes.  An  approximate 
quantitative  estimate  of  albumin  can  be  formed  from  the  thickness  of  the 
coagulated  layer.  A  pale  red  or  reddish-violet  disk,  at  or  above  the  plane 
of  contact,  is  noted  in  many  normal  and  abnormal  urines.  A  white  pre- 
cipitate is  also  caused  by  serum  globulin  and  albumose.  The  latter  dis- 
appears  on  heating  and  reappears  on  cooling.  Nucleo-albumin  in  large 
amounts  may  give  a  positive  reaction,  but  this  is  so  uncommon  that  it 
can  be  disregarded  for  practical  purposes.  Certain  resinous  bodies,  indi- 
cated  in  the  discussion  of  the  boiling  and  acidulation  test,  produce  a  white 
cloud  which  disappears  when  treated  with  alcohol. 

Acetic  Acm  and  Potassium  Ferrocyanide  Test.  —  A  few  drops 
of  10  per  cent.  solution  of  potassium.  ferrocyanide  or  platinocyanide  are 
added  to  a  small  amount  of  urine  previously  acidified  with  acetic  acid.  A 
precipitate  indicates  albumin  or  albuminose.  If,  on  heating,  the  turbidity 
disappears  completely,  the  presence  of  the  latter  substance  is  indicated,  or, 
if  the  cloud  partly  clears  on  warming,  the  presence  of  both  substances  may 
be  inferred.  When  a  precipitate,  due  to  nucleo-albumin,  forms  on  addi- 
tion  of  acetic  acid,  the  urine  should  be  filtered  and  the  test  repeated. 

Tanret*s  Test. — The  reagent  is  prepared  as  follows:  Dissolve  1.35 
grammes  of  mercuric  chloride  in  25  c.c.  of  water,  add  to  this  solution  3.32 
grammes  of  potassium  iodide  dissolved  in  25  c.c.  of  water,  then  make  the 
total  solution  up  to  60  c.c.  with  water  and  add  20  c.c.  of  glacial  acetic  acid 
to  the  combined  solutions. 

Technic. — To  5  c.c.  of  albumin  solution  in  a  test-tube  add  Tanret's 
reagent,  drop  by  drop,  until  a  turbidity  or  precipitate  forms.  This  is  an 
exeeedingly  delicate  test.  Sometimes  the  albumin  solution  is  stratified  upon 
the  reagent  as  in  IIeller's  or  Roberts'  ring  tests.  It  is  claimed  by  Repiton 
that  the  presence  of  urates  lowers  the  delicacy  of  the  test.  Tanret  claims 
that  the  removal  of  urates  is  not  necessary  inasmuch  as  the  urate  precipi- 
tate \vill  disappear  on  warming  and  the  albumin  precipitate  wi\\  not.  Ile 
saya,  however,  that  mucin  interferes  with  the  delicacy  of  his  test  and  should 
be  removed  by  acidification  with  acetic  acid  and  filtration  before  testing 
for  albumin. 

Spieqler's  Test. — The  test  solution  as  modified  by  Jolles  eonsists  of 
mercuric  cbloride  10  grammes,  succinio  add  20  grammes,  sodima  chloride 
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20  grammes,  and  distilled  water  500  c.c.  The  reagent  is  added  slowly  by 
means  of  a  pipette  to  a  small  amount  of  urine  contained  in  a  te^rt-tube,  so 
that  the  nrine  forms  a  layer  above  the  test  solution.  A  white  clond  at  the 
junction  of  the  fluids  indicates  albumin,  nueleo-albumin  or  albumose.  When 
the  urine  contains  iodine,  a  precipitate  of  mereuric  iodide  forms,  which  is 
soluble  in  aleohol.    This  test  is  very  sensitive. 

Many  other  methods  f or  the  deteetion  of  albumin  are  recommended  by 
diiferent  authorities,  as  tests  with  pieric  acid,  metaphosphoric  acid,  phos- 
photungstic  acid,  and  trichloracetic  acid. 

QuANTiTATivE  Determination  OF  Albumin.  Esbach's  Method. — The 
t€St  solution  is  prepared  by  dissolving  10  grammes  of  pieric  acid  and  20 
grammes  of  citrie  acid  in  1000  c.c.  of  distilled  water.  A  special  graduated 
test-tube  devised  by  Esbach  and  known  as  an  albuminometer 
is  required  for  this  method.  The  urine  should  have  an  acid 
reaction.  It  is  poured  into  the  albuminometer  to  the  mark 
"U";  the  reagent  is  then  added  until  the  fluid  reaches  to  the 
mark  **R."  The  fluids  are  then  mixed  and  the  test-tube  set 
aside  for  twenty-four  hours,  when  the  reading  is  taken.  The 
height  of  the  column  of  coagulated  albumin,  as  measured  by 
the  scale  on»  the  tube,  represents  the  amount  pro  mille. 
Esbach 's  reagent  precipitates  serum  albumin,  serum  globulin, 
albumose,  uric  acid,  and  creatinin.  When  the  specific  gravity 
exceeds  1.008,  or  when  a  large  amount  of  albumin  exists,  the 
urine  should  be  diluted  with  one  or  several  volumes  of  water 
before  applying  the  test.  The  reading  is  multiplied  by  the 
number  of  dilutions.  Esbach 's  method,  although  not  so  accu- 
rate  as  the  gravimetric  determination,  is  quite  satisfactory 
for  general  clinical  purposes. 

BoiLiNG  Test. — An  approximate  estimate  of  the  quantity 
of  albumin  can  be  formed  by  boiling  acidified  urine  in  a  tesft- 
tube  and  allowing  the  precipitate  to  settle  for  twenty-four 
hours.  The  error  with  this  method  may  be  considerable, 
because  albumin  sometimes  separates  in  large  and  at  other 
times  in  small  flakes. 

Gravimetric  Method. — One  hundred  cubic  centimetres 
of  urine  are  sufficiently  acidulated  with  acetic  acid  to  insure 
separation  of  ali  the  albiunin.  It  is  then  boiled  and  passed  through  a  filter 
of  known  weight.  The  precipitate  coUected  on  the  filter  is  washed  with  hot 
water  until  the  washings  cease  to  give  a  reaction  for  chlorides.  The  pre- 
cipitate is  next  washed  succe»sively  with  aleohol  and  ether  to  remove  fat. 
The  filter  containing  the  precipitate  is  now  dried  at  a  temperature  of  120^ 
to  130°  and  then  carefully  weisrhed.  The  weight  of  the  albumin  is  obtained 
by  subtraeting  the  weight  of  the  filter-paper  from  the  combined  weight  of 
the  filter-paper  and  dried  precipitate. 

Albuminuria. — The  term  albuminuria  implie«  the  presence  in  the  urine 
of  coagnlable  albumin,  and  refers  particularly  to  serum  albumin.  One  or 
more  albuminons  bodies  are  almost  invariably  associated  with  serum  albu- 
min. Albuminuria  is  8ymptomatic  of  a  large  number  of  morbid  states, 
from  minor  disturbances  in  heaJth  to  malignant  d\^a«i^%. 
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1.  Renal  Albuminuria,- — ^When  albumin  is  eliminated  by  the  kidney8 
the  condition  is  termed  renal  albuminuria. 

(a)  SO'Called  physiological  albuminuria  is  occasionally  noted  in  healthy 
individuals  after  violent  exercise  or  severe  nervous  stress.  Whether  albu- 
minuria is  ever  physiological  is  stili  a  mooted  question.  Albuminuria  often 
oceurs  in  pregnancy,  espeeially  in  the  later  stages.  The  so-called  albu- 
minuria of  adolescents  is  probably  pathologieal. 

(b)  Albuminuria  of  Organic  Kidney  Disease. — In  this  variety  the 
presenee  of  albumin  in  the  urine  depends  directly  on  structural  ehanges 
in  the  renal  tissues,  and  in  nephritis,  and  amyloid,  tuberculous,  malignant 
and  eystic  disease  of  the  kidney.  In  aeute  and  ehronic  parenehyniatous 
nephritis  the  amount  is  generally  large,  while  in  amyloid  disease  it  is  moder- 
ate  or  small,  and  in  contracted  kidney  it  is  small.  The  mere  presenee  of 
albumin  in  the  urine  never  warrants  a  diagnosis  of  organic  renal  disease; 
on  the  other  hand,  mere  traees  oeeur  in  granular  kidney,  and,  indeed,  albu- 
min may  be  absent  f  or  a  time  in  this  disease.  Large  quantities  of  albumin 
usually  justify  a  diagnosis  of  organic  kidney  disease. 

(c)  Febrile  Albuminuria. — A  discharge  of  albumin  of  slight  or  moder- 
ate  degree  in  fevers  and  infiammatory  diseases  is  suggestive  of  a  simple 
parenchymatous  degeneration  of  the  kidney  and  of  vascular  derangements, 
incident  to  the  febrile  or  inflammatory  process,  while  a  high  grade  of  albu- 
minuria, noted  in  a  limited  number  of  these  cases,  points  to  marked  renal 
degeneration,  often  associated  with  decided  congestion.  The  difference 
between  albuminuria  of  febrile  and  inflammatory  disorders  and  that  of 
acute  Brighfs  disease  is  essentially  one  of  degree,  so  that  a  sharp  distinc- 
tion  cannot  be  made  between  these  forms.  Albuminuria  is  symptomatic 
of  many  of  the  infectious  diseases,  especially  enteric  fever,  typhu8  fever, 
pneumonia,  cerebrospinal  fever,  yellow  fever,  plague,  cholera,  malignant 
endocarditis,  diphtheria,  er>'sipelas,  and  variola. 

(d)  Toxic  Albuminuria. — Under  this  heading  is  included  the  albu- 
minuria produeed  by  drugs,  such  as  salicylic  acid,  potassium  iodide,  salol, 
urotropine,  phenol,  alcohol,  ether,  chloroform,  lead,  mercury,  phosphorus, 
and  a  number  of  other  toxic  substances. 

(e)  •Albuminuria  occurring  in  blood  disorders  is  seen  in  severe  second- 
ary  antemias,  pemicious  ansemia,  chlorosis,  and  leuksemia. 

(f )  Alimeniary  Albuminuria. — The  ingestion  of  vein-  large  amounts  of 
albumin,  such  as  raw  ^gs,  mav  excite  albuminuria,  but  a  moderate  quan- 
tity  of  albuminous  food  will  never  produce  albuminuria  in  a  healthy  person. 
An  antecedent  ehronic  albuminuria  may  be  intensified  by  a  moderate  con- 
sumption  of  albumin. 

(g)  Albuminuria  dependent  upon  circulatory  disturbances  of  ihe  kid- 
n€ys  is  seen  in  cardiac  disease,  especially  during  the  stage  of  ruptured 
compensation,  in  pulmonary  disease  i/^ith  venous  stasis,  from  pressure  on 
the  renal  veins  by  a  tumor,  cj^st  or  peritoneal  effusion,  and  by  a  thrombus 
in  these  vessels.  In  floating  kidney  albuminuria  sometimes  depends  on 
kinking  of  the  renal  veins  so  that  it  may  be  present  only  while  the  indi- 
vidual  is  in  the  erect  posture,  dis^pearing  when  in  the  recumbent  podtion 
(ortbostatic  aJbuminuria). 
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(h)  Albuminuria  in  nervous  diseases  is  common  when  organic  lesions 
of  the  aervous  sy8tem  exist,  such  as  apopIexy,  brain  tumor,  and  spinal 
sclerosis,  but  it  is  infrequent  in  functional  disorders,  such  as  neurasthenia 
and  migraine. 

(i)  Albuminuria  caused  by  obstruction  in  the  urinary  passages  occurs 
in  nephrolithiasis,  when  the  stone  blocks  up  the  ureter  for  a  tirne,  and  also 
when  the  nreter  is  eompressed  by  a  tumor  or  is  twisted.  The  urine  which 
has  been  impeded  in  its  passage  shows  albumin  in  many  instances. 

2.  AcciDENTAL  ALBUMINURIA. — ^When  .-the  urine  contains  albumin 
derived  from  the  renal  passages  or  genital  organs  it  is  designated  aecidental 
or  extrarenal  albuminuria.  The  presence  of  pus,  blood,  leueorrhceal  disr 
charge,  and  chyle  in  the  urine,  as  a  rule,  eauses  a  slight,  and  rarelv,  a  moder- 
ate  albumin  reaetion.  This  type  occurs  in  pyelitis,  ureteritis,  cystitis, 
prostatitis,  vesiculitis,  epididymitis,  urethritis,  vulvovaginitis,  and  during 
menstruation.  A  vaginal  discharge  is  often  washed  into  the  urine.  The 
diagnosis  of  aecidental  albuminuria  is  generally  unattended  with  difficulty, 
provided  the  results  of  microscopic  examination  and  the  clinical  investi- 
gation  are  carefully  considered.  In  general  terms  it  may  be  said  that  the 
intensity  of  the  albumin  reaetion  is  directly  proportionate  to  the  amount 
of  cellular  deposit.  The  differentiation  between  renal  and  extrarenal  albu- 
minuria rests  on  the  data  obtained  by  a  careful  urinalysis  with  other  clinical 
findings.  Both  conditions  often  coexist.  The  presenft  of  tube-casts  and 
many  pus-cells  with  an  albumin  reaetion  greater  than  the  number  of  leuco- 
cyte8  would  indicate,  argues  in  favor  of  a  coexistent  renal  and  aecidental 
albuminuria. 

Serum  Olobulin. — Kauder's  Test. — The  urine  is  treated  with  a  suffi- 
cient  quantity  of  ammonia  to  separate  the  phosphates,  \vhich  are  removed 
by  filtration.  An  equal  bulk  of  a  saturated  solution  of  ammonium  sulphate 
and  filtrate  are  mixed.    A  precipitate  represents  serum  globulin. 

Serum  globulin  and  serum  albumin  are  almost  invariably  associated, 
so  that  their  clinical  significance  is  similar.  As  a  rule  serum  albumin  is 
found  in  excess  of  serum  globulin,  although  exceptions  to  this  rule  are 
recorded  in  amyloid  disease,  diabetes,  and  severe  nephritis. 

Nudeo-albumin. — This  body  is  precipitated  by  strong  acetic  acid.  Con- 
centrated  urines  should  always  be  diluted  with  two  or  three  volumes  of 
water  before  applying  this  test.  Urine  containing  much  serum  albumin  and 
serum  globulin  should  be  boiled  and  filtered  in  order  to  remove  these 
substanees  before  testing  for  nucleo-albumin. 

Ott's  Metiiod. — Add  to  the  urine  an  e<iual  voliune  of  saturated  solu- 
tion of  sodium  ehloride,  and  treat  the  mixture  with  Almen  s  tannin  solution. 
The  presence  of  nucleo-albumin  is  shown  by  the  formation  of  an  abundant 
precipitate.  Almen  *s  solution  consists  of  5  grammes  of  tannic  acid,  10  c.c. 
of  a  25  per  cent.  solution  of  acetic  acid,  and  240  c.c.  of  50  per  cent.  ethyl 
alcohol.  Nucleo-albumin  ean  be  removed  from  the  urine  vvith  neutral  lead 
acetate. 

With  certain  delicate  tests  nucleo-albumin  can  be  demonstrated  in 
many  normal  and  abnormal  specimens,  so  that  its  presence  in  small  amount 
may  be  regarded  as  physiological.    When  nucleo-a\\)\Mrcv\w  ^«iv  \^  ^<i\ftR\R^ 
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by  tests  generally  employed  in  routine  clinical  work,  it  is  probablj  patho- 
logical.  Nucleo-albuminuria  occurs  in  inflammatory  diseases/especiaily  of 
a  catarrhal  nature,  of  the  urina]y  tract,  as  cystitis  and  pyelitis.  In  febrile 
diseases  associated  with  albuminuria,  in  leuksemia^  in  jaondice,  and  in  acate 
nephritis,  nucleo-albuminuria  is  not  uncommon.  In  the  last  named  disease 
nucleo-albuminuria  sometimes  precedes  and  follows  serum  albuminuria. 

Albumose. — To  the  urine  strongly  acidulated  with  acetic  acid,  is  added 
an  equal  amount  of  a  saturated  solution  of  sodium  chloride.  The  presenee 
of  a  precipitate,  which  disappears  on  boiling  and  returns  on  cooling  the 
urine,  consists  of  albumose.  When  serum  albumin  coexists  with  albumose, 
this  must  be  removed  by  boiling  and  filtering  before  applying  the  test. 

Albumosuria  is  ref erred  to  by  some  writers  as  peptonuria,  a  term  which 
Kiihne  restricts  to  the  presenee  of  true  peptone.  Aceording  to  Kiihne, 
peptonuria  has  been  found  in  pneumonia,  phthisis,  and  gastric  uleer.  The 
chief  clinical  significance  of  albumose  in  the  urine  relates  to  morbid  lesions, 
characterized  by  a  destruction  of  leucocytes,  with  the  absorption  of  the 
disintegrated  products.  In  many  diseases  showing  these  pathological 
features,  especially  in  purulent  collections,  the  occurrence  of  albumosuria 
may  be  a  useful  sign  in  diagnosis.  In  this  connection  it  must  be  pointed 
out  that,  since  the  group  of  conditions  in  which  it  occurs  is  a  vast  one,  its 
significance  is  of  less  value  in  diagnosis  than  any  other  urinary  findings. 
Albumosuria  has  bSn  noted  in  pneumonia  during  the  period  of  resolution, 
in  suppurative  meningitis,  in  liver  abscess,  in  septicaemia,  in  leuksemia^  in 
endocarditis,  in  myxoedema^  in  diphtheria,  in  measles^  in  rheumatic  fever, 
in  scarlet  fever,  in  acute  yellow  atrophy  of  the  liver,  in  8curvy,  in  dermatitis, 
and  in  intestinal  diseases  characterized  by  ulceration,  as  enteric  fever,  tuber- 
culosis,  and  carcinoma.  Albumosuria  may  be  associated  with,  or  occur 
independently  of,  serum  albuminuria, 

Beiice-Jones's  Albumose. — The  recognition  of  this  proteid  depends  upon 
the  fact  that  its  precipitation  occurs  at  a  temperature  of  52^  to  60®  C. 
Upon  boiling,  the  cloud  entirely  or  partiallv  disappears,  to  retum  again  on 
cooling.  With  Heller's  nitric  acid  test  Bence-Jones's  albumin  gives  a  reac- 
tion  like  that  of  serum  albumin. 

This  proteid,  first  described  by  Bence-Jones,  occurs  with  eonsiderable 
frequency  in  mvelomatous  growths  in  the  bones.  It  is  generally  designated 
as  albumose,  but  probablv  incorrectly.  The  researches  of  Simon  and  Mag- 
nus  Levy  indieate  that  it  is  a  true  albumin. 

Hasmoglobin. — The  speetroscopic  examination,  as  a  rule,  shows  absorp- 
tion bands  of  metha*moglobin,  sometimes  of  oxyh{pmofirlobin. 

Donogany's  Test. — If,  on  the  addition  of  1  e.c.  of  ammonium  sulphide 
solution  and  an  equal  quantity  of  pvridine  to  10  e.c.  of  urine,  an  orange 
color  develops,  the  presenee  of  blood  mav  be  in  f erred.  When  the  result  is 
doubtful,  a  speetroscopic  examination  shouUl  1^  made  of  the  mixture. 

The  phj-siological  destruction  of  red  eorpujvles  is  not  followed  by 
ha^moglobinuria,  because  the  coloring  matter  set  free  f rom  the  disintegrated 
erythrocytes  is  converted  wholly,  or  in  part,  in  the  liver  into  bile,  and,  per- 
hapa,  a  fraction  of  the  amount  is  redeposited  in  the  tissaes  and  stored 
tbere  for  tbe  future  demands  of  the  8ysteiiu    The  erplanation  generally 
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offered  to  elucidate  hsemoglobinuria  is  based  upon  an  eryt}irocytolysis  so 
€xces8ive  that  a  part  of  the  haemoglobin  liberated  into  the  plasma  (hsemo- 
globinsernia)  is  secreted  by  the  kidneys.  Hsemoglobinuria  occurs  in  some 
cases  of  malarial  fever  (black  water  fever).  It  has  been  observed  in  yellow 
f ever,  variola,  ieterus  gravis,  searlet  fever,  enteric  fever,  8yphilis,  Raynaud  's 
disease,  and  from  the  toxic  aetion  of  phenol,  potassimn  chlorate,  snake 
venom,  hydrogen  sulphide,  carbon  monoxide,  and  after  expo8ure  to  the 
cold.  The  etiologieal  factor  responaible  for  paroxysmal  haemoglobinuria 
has  not  been  definitely  determined.  Some  writers  claim  that  exposure  to 
cold  is  the  exciting  eause,  while  others  hold  that  it  is  of  nervous  origin. 
Hcematnria  is  much  more  common  than  hsemoglobinuria. 

Fibrin« — The  suspeeted  fibrin  elots  are  separated  from  the  urine  by 
filtration,  then  thoroughly  washed  with  water  and  dissolved  by  boiling  in 
a  5  per  cent.  solution  of  hydrochlori8  aeid.  The  solution  thus  secured 
gives  the  test  for  serum  albumin  when  the  coagulum  consists  of  fibrin. 

Pibrinuria  has  been  noted  in  haematuria,  chyluria,  and  in  pseudomem- 
branous  infiammation  of  the  urinary  traet. 

An  acetosoluble  albumin  referred  to  by  Simon  as  Patein's  albumin  has 
been  reported  in  cy8tic  kidney  and  nephritis. 

Olucose. — ^Fresh  urine  Ls  desirable  for  quantitative  examination*s  for 
sugar.  When  albumin  is  present,  this  should  be  removed  from  the  urine 
before  testing  for  glucose. 

Pehling's  Test. — Two  solutions  are  required,  an  alkaline  and  a  copper 
solution,  which  should  be  mixed  just  before  applying  the  test.  Fehling^s 
reagent  deteriorates  in  a  few  daysk  to  such  an  extent  that  it  is  unsuited 
for  testing;  therefore,  it  is  necessary  to  keep  the  alkaline  and  copper  solu- 
tions in  separate  bottles  supplied  with  well-fitting  rubber  corks.  The  alka- 
line solution  consists  of  potassium  and  sodium  tartrate  173  grammes, 
potassium  hydrate  60  grammes,  and  500  c.c.  of  distilled  water.  The  copper 
solution  consists  of  cupric  sulphate  34.64  grammes,  dissolved  iit  500  c.c.  of 
distilled  Mrater.  Equal  volumes  of  these  solutions  are  poured  into  a  test- 
tube  and  shaken ;  the  mixture  is  then  diluted  with  f our  parts  of  water  and 
boiled.  After  removing  the  test-tube  from  the  flame  the  urine  is  added  in 
small  amounts,  and  after  each  addition  the  mixture  heated  but  not  boiled. 
When  sugar  is  present  a  yellow  or  red  precipitate  of  cupric  suboxide  sepa- 
rates.  A  change  of  the  blue  color  of  Fehling^s  solution  to  green,  with  a 
slight  turbidity  of  the  liquid  after  the  addition  of  the  urine,  is  verv  often 
seen,  and  may  not  be  caused  by  glucose.  Nearly  every  reducing  substance 
except  sugar  requires  boiling  to  produce  preeipitation  of  cupric  suboxide. 

BENEDICPS  TEST— FORMULA 

Copper  sulphate   (pure  cry8»tallized ) 17.3  gm. 

Sodium  or  potasBium  citrate 173.0  gm. 

Sodium  carbonate  (cry8tallia^) 200.0  gm. 

or  the  anhydrouB  salt 100.0  gm. 

Distilled  water  to  make 1000.0  ca 

The  citrate  and  carbonate  are  dissolved  together  with  the  aid  of  heat 
in  about  700  c.c.  of  water.  The  mixture  is  then  poured,  through  a  filter  if 
nece88aryy  into  a  larger  beaker  or  casserole.    The  eopper  ^ra^^'^'^^'^  ^v^<(^^ 
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separately  in  about  100  c.c.  of  water  is  poured  slowly  into  the  first  solution, 
with  coDstant  stirring.  The  mixture  is  cooled  and  dUuted  to  one  litre.  This 
test  solution  keeps  indefinitely. 

Technic, — For  the  detection  of  glneose  in  the  urine  about  5  c.c.  of  the 
reagent  are  placed  in  a  test-tube  and  8  to  10  drops  of  the  urine  to  be 
exainined  are  added.  The  mixture  is  vigorou8ly  boiled  for  one  or  two 
minutes,  and  allowed  to  cool  spontaneously.  In  the  presence  of  glucose  the 
entire  body  of  the  solution  will  be  filled  with  a  precipitate,  which  may  be 
red,  yellow,  or  greenish  in  tinge.  If  the  quantity  of  glucose  be  under  0.3 
per  cent.  the  precipitate  forms  only  on  cooling.  If  no  sugar  be  present, 
the  solution  either  remains  perfectly  clear,  or  show8  a  faint  turbidity  that 
is  blue  in  color,  and  consists  of  precipitated  urates.  In  the  use  of  the 
reagent  the  addition  of  a  small  quantity  of  urine — 8  to  10  drops — ^to  5  c.c. 
is  important,  not  because  larger  amc^ints  of  normal  urine  would  cause  reduc- 
tion  of  the  reagent,  but  because  more  delicate  results  are  obtained  by  this 
procedure.  Vigorous  boiling  of  the  solution  after  addition  of  the  urine, 
and  allowing  the  mixture  to  cool  8pontaneously  are  also  important.  If 
sugar  is  present  the  solution,  either  before  or  after  cooling,  will  he  filled 
f  rom  top  to  bottom  with  a  precipitate,  so  that  the  mixture  becomes  opaque. 
(Joslin.) 

Phenylhydrazine  Test. — About  .5  gramme  of  phenylhydrazine  hydro- 
chloride  and  1  gramme  of  sodium  acetate  are  added  to  about  8  c.c.  of  urine 
contained  in  a  test-tube.  If  the  salts  do  not  dissolve  on  warming  the  urine, 
water  is  added  to  effect  solution.  The  tube  is  now  placed  in  boiling  water 
for  20  or  30  minutes,  then  removed,  and  rapidly  cooled  by  placing  the  test- 
tube  in  cold  water.  The  formation  of  a  bright  yeUow  precipitate  indicates 
the  pi  esence  of  sugar.  Mere  traces  of  glucose  cause  a  small  amount  of 
precipitate  which  should  be  examined  micro8cqpically  for  phenylgiuco6a^ 
zone  crvstals.  These  consist  of  yellow  needles  arranged  singly  or  in  clus- 
ters.  Their  melting  point  is  205®  C.  In  exj)erienced  hands  this  test  is 
generally  considered  the  most  sensitive. 

Nylander's  Modification  op  Boettgbr's  Test. — Almen's  reagent, 
reqiiired  for  this  method,  consists  of  4  grammes  of  potassium  and  sodium 
tartrate,  2  grammes  of  bismuth  subnitrate,  and  10  grammes  of  sodium 
hj'drate  dissolved  in  90  c.c.  of  water.  This  solution  is  then  boiled  and,  after 
cooling,  is  filtered.  A  small  quantity  of  Almen*s  reagent  ia  added  to  the 
urine,  approximately  in  the  proportion  of  1  to  11^  and  the  resultant  mix- 
ture  is  boiled.  In  the  presence  of  sugar  a  dark  gray  or  black  precipitate  of 
metallic  bismuth  separates.  A  positive  reaction  may  be  given  by  albumin, 
melanin,  melanogen,  and  other  reducing  substanees  found  in  the  urine 
after  the  ingestion  of  salol,  benzol,  sulphonal,  trional,  turpentine,  qainine, 
rhubarb,  and  senna. 

Fermentation  Test. — The  principle  of  this  method  is  based  on  the 
faet  that  glucose  is  decomposed  by  veast  into  alcohol  and  carbon  dioxide. 
Special  fermentation  tubes,  as  designed  by  Einhom.  are  conv^iient  in  con- 
ducting  this  test.  The  method  is  carried  out  by  miring  a  bit  of  a  eake  of 
eompressed  veast  vrith  urine  in  a  test-tube.  Einhom 's  fermentatioii  tabe 
A  eiled  witb  tbis  mirtoie,  čare  being  takm  to  exdiide  air  babbhs  from 
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the  top  of  the  tube.  The  saceharometer  is  kept  at  a  temperature  of  from 
25°  to  38°  for  twenty-four  hours,  during  which  tirne  the  COg  collects 
in  the  upper  part  of  the  tube.  A  temperature  of  34°  C.  gives  the  most 
8ati8factory  results.  A  control  test  should  always  be  made  with  normal 
urine,  since  slight  fermentation  oceurs  in  every  specimen.  With  Einhorn's 
tube,  an  approximate  estimate  of  the  quantity  of  sugar  can  be  formed, 
but  for  aecurate  quantitative  analysis  Robert 's  differential  method  is  to 
be  preferred.  The  fermentation  test  serves  to  differentiate  fermentable 
sugar  from  other  redueing  substanees. 

QUANnTATIVE  ESTIMATION  OP  SUGAR.     PeHUNG^S  TiTRATION  MeTHOD. — 

Ten  C.C.  of  Fehling's  solution  diluted  with  40  c.c.  of  water  are  boiled.  At 
this  temperature  the  saccharine  urine  is  added  drop  by  drop  from  a  gradu- 
ated  burette,  until  the  blue  color  of  the  test  solution  disappears,  whieh  indi- 
cates  complete  reduetion  of  cupric  oxide.  The  presenee  of  reduced  copper 
held  in  suspension  obseures  the  color  of  the  solution,  so  that  it  is  necessary 
to  allow  the  cuprous  oxide  granules  to  settle  from  time  to  tirne  in  order  to 
detect  the  tint  of  the  fluid.  The  cupric  oxide  contained  in  10  c.c.  of  Fehling  's 
solution  is  reduced  by  .05  gramme  of  glueose. 

Benedict^s  Method. — The  estimation  is  based  upon  the  fact  that  a 
given  quantity  of  glueose  will  reduce  a  fixed  amount  of  copper  if  the  two 
are  combined  in  an  alkaline  solution.  The  solution  is  decolorized  and  the 
copper  precipitated  as  a  snow-white  compound— cuprous  8ulphocyanate. 

The  reagent  is  prepared  as  f ollows : 

(1)  Dissolve  18  grains  of  pure  crystallized  copper  sulphate  in  100  c.c. 
of  water. 

(2)  Dissolve  by  the  aid  of  heat,  200  grammes  of  sodium  citrate,  200 
grammes  of  crystallized  sodium  carbonate  and  125  grammes  of  potassium 
8ulphocyanide  in  800  c.c.  of  water. 

(3)  Mix  Solutions  one  (1)  and  two  (2),  add  5  c.c.  of  a  5  per  cent. 
solution  of  potassium  ferrocyanide,  cool,  and  dilute  to  exactly  one  litre. 
The  solution  keeps  indefinitely. 

Technic, — (1)  Dilute  10  c.c.  of  urine  with  water  to  100  c.c.  and  pour 
into  a  burette  to  the  zero  mark. 

(2)  Plače  25  c.c.  of  the  reagent  in  a  porcelain  dish,  add  10  to  20  grains 
of  sodium  carbonate  (cin^stallized)  and  asmall  quantity  of  talcum  or  pumice. 
Heat  the  mixture  until  the  carbonate  is  dissolved. 

(3)  The  copper  solution  (2)  is  briskly  boiled  and  the  diluted  urine  in 
the  burette  is  run  into  the  boiling  solution  until  the  color  has  entirely 
disappeared.  This  marks  the  end  point.  If  the  solution  becomes  too  con- 
centrated  a  small  amount  of  water  may  be  added. 

The  twenty-five  cubic  centimetres  of  copper  solution  are  reduced  by  50 
mg.  (0.050  gms.)  of  glueose. 

The  percentage  of  urine  is  determined  as  f ollows :  ^^  X  1000  =  per- 
centage  in  original  sample,  wherein  x  is  the  number  of  c.c.  of  the  diluted 
urine  required  to  reduce  25  c.c.  of  the  copper  solution.  The  daily  quantity 
of  the  urine  multiplied  by  percentage  gives  the  number  of  sugar  grammes 
for  the  day. 

Robert 's   DippEuiENTiATi   Densitt   Method. — ^TVi^  ^t«v^\^^   ^1  "^^s^ 
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method  rests  on  determining  the  specific  gravitjr  bef ore  and  after  fermenta- 
tion;  each  .001  degree  of  difiference  in  the  specific  gravity  represents  .23 
per  cent.  of  sugar.  The  test  is  carried  out  by  noting  the  specific  gravity  of 
200  c.c.  of  urine  taken  f  rom  a  mixed  twenty-four-hour  specimen.  A  portion 
of  a  cake  of  compressed  yeast  is  mixed  with  the  urine,  which  is  then  set 
aside  for  twenty-four  or  forty-eight  hours.  The  glucose  generally  disap- 
pears  in  twenty-four  hours,  but,  in  order  to  ascertain  whether  ali  the  sugar 
has  been  decomposed,  the  urine  is  tested  by  Fehling's  method.  After  aH 
the  sugar  has  been  decomposed,  the  specific  gravity  of  the  fermented  urine 
is  taken  and  the  diflPerence  between  the  two  readings  determined.  The 
small  urinometers  employed  in  clinical  workare  not  suited  for  exact  determi- 
nation,  therefore  it  is  convenient  to  use  larger  instruments.  Accurate 
estimations  can  be  taken  with  a  set  of  four  or  five  hydrometers,  each  of 
which  represents  a  part  of  the  specific  gravity  range  ordinarily  encountered 
in  diabetic  urine.  For  example,  hydrometer  number  1  indicates  the  acale 
from  1.000  to  1.010;  number  2  rangea  from  1.010  to  1.020;  number  3  ranges 
from  1.020  to  1.030;  number  4  ranges  from  1.030  to  1.040;  number  5  ranges 
from  1.040  to  1.050.  The  specific  gravity  observations  should  be  taken  at, 
or  nearly,  the  same  temperature.  Evaporation  of  the  urine  should  be 
reduced  to  a  minimum  during  fermentation.  The  first  specific  gravity 
determination  is  taken  before  the  yeast  is  added  to  the  urine,  and  the 
second  reading  is  made  after  the  fermented  urine  has  been  filtered. 

The  quantitative  determination  for  sugar  by  the  polariscope  is  recom- 
mended  highly  by  many  workers.  A  polariscope  designed  for  this  estima- 
tion  is  an  expensive  instrument  The  rapidity  with  which  a  determination 
can  be  made  is  one  of  its  chief  advantages  over  other  methods. 

Physiological  Qlycosuria. — The  presence  of  traces  (.5  pro  mille)  of 
glucose  in  the  urine  of  healthy  persons  is  conceded  by  most  authorities. 
This  quantity  cannot,  however,  be  detected  by  the  tests  employed  in  routine 
work. 

Pathological  Qlycosuria. — This  condition  may  be  said  to  exist  when 
glucose  can  be  recognized  by  the  tests  generally  in  vogue  in  clinical  work. 
Glvcosuria  may  be  transitory,  intermittent,  or  constant.  The  latter  variety 
is  one  of  the  cardinal  symptom9  of  diabetes  mellitus. 

Glycosuria  depends  directly  on  an  excess  of  sugar  (above  .2  per  cent.) 
in  the  blood.  A  possible  exception  to  this  rule  relates  to  the  gIycosuria  fol- 
lowing  the  administration  of  phloridzin.  It  is  thought  that  this  substance 
produces  such  alterations  in  the  renal  epithelium  as  to  permit  of  increased 
glucose  elimination.  A  renal  form  of  diabetes  has  been  suggested.  The 
sugar  of  the  blood  is  deri  ved  princi  pally  from  the  carbohydrates  of  the 
food,  and  in  ali  likelihood  some  glucose  is  produced  from  the  albumins  of 
the  food.  In  certain  cases  of  diabetes,  characterized  by  rapid  emaciation, 
body  proteids  are  concemed  in  its  formation.  Although  many  factors 
involved  in  the  phy8iology  of  glucose  metabolism  remain  unexplained,  much 
clinical  and  experimental  evidence  supports  the  view,  (1)  that  sugar  metab- 
olism is  to  a  great  extent  regulated  by  the  nervous  8ystem,  (2)  that  the  liver 
is  chiefiy  concemed  in  converting  sugar  into  glyeogen,  and  also  in  forming 
glucose,  and  (3)  tbat  the  pancreas  aeeretes  a  8agar-de8troying  ferment.    A 
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hypothetical  conception  of  pathological  glyeo8iiria  based  od  this  tbeory 

may  be  said  to  depend  on  a  failure  oa  the  part  of  the  liver  to  form  and 

store  up  glycogen,  a  disturbance  which  might  result  from  a  losa  of  nervous 

control  or  from  diaease  of  the  hepatic  cells ;  or  on  an  inabilit^  on  the  part 

of  the  8ystem  to  consiime  sugar,  which  is  aacribed  to  a  disturbance  in  the 

function  of  the  pancreas  inhibiting  or  suppressing  the  secretion  of  the 

glyco!ytic  substance.    Clinically,  glycosuria  occurs  under  a  varielg'  of  eir- 

cumstances:  Disorders  of  the  nervoua  system.     Temporary  or  permanent 

gtyeoeuria  is  observed  in  brain  tumors,  meningitis,  injuriea  to  the  nervous 

8ystem,  neurastbenia,  exophthalmic  goitre,  and  may  folloiv  worry,  fright,  or 

mental  overwork.     Diseasea  of   the   pancreas.     Permanent  glycosuria  is 

often  aasociated  with  scleroais,  and  sometimes  with  atrophy  or  tumors  of 

the  pancreas,  while  temporary  glyco8uria  is  at  times  symptomatic  of  acute 

iallammation  of  this  organ.  Ilepatic  disease,  abseess 

and  cirrhosis  of  the  liver  may  be  attended  with 

the  temporary  or  conatant  presence  of  sugar  in 

the  urine.     Toxic  agents.     The  occasional  occur- 

rence  of  glucose  in  the  urine  is  noted  in  the  infec- 

tioue  diseasea,  as  syphiliB,  inSuenza,  enteric  fever, 

diphtberia,  rbeumatie  fever,  and  malaria,  and  from 

poisoning  by  efaloral,  alcohol,  and  morphine.    The 

explanattOD  of  glyeo8uria  occurring  under  these  cir- 

cumstances  might  be  found  in  the  development  of 

8  disorder  of  the  function  of  the  liver,  the  pancreas, 

or  the  nervous  Bystem,   produced  by  these  toxic 

agents.    This  variety  is  maiiily  observed  »s  a  tran- 

8itory  form,  altbough  oecasionaIly  diabetes  develops   '■ 

after  an  acute  infectious  disease,  which  suggesta 

permanent  morbid  processes  of  the  hepatic  or  pancreatic  tissuea  excited 

during  the  acute  stage  of  the  disease. 

The  power  possessed  by  the  6y8tem  to  consume  sugar  varies  in  bealtb 
and  in  disease.  Carbohydrate  tolerance  can  be  determined  by  the  admin- 
istration  of  glncose  by  the  mouth,  The  urine  of  healthy  persons  generally 
does  not  show  glucose  unless  the  amount  ingested  exceeds  250  grammes. 
When  glycosuria  follovs  the  taking  of  100  grammes,  an  abnormal  sugar 
metabolism  prohabIy  exists  {pathological  alimentart-  glycoBuria).  Carbo- 
hydrBte  tolerance  is  leatened  by  age,  and  is  often  reduced  in  obeaity  and  gout. 

Lactose. — The  presence  of  milk  sugar  in  the  urine  is  indicated  by  a 
positive  reaetion  witb  Trommer's  and  Nylander's  tosts  after  prolonged 
boiling,  when  negative  results  are  ohtained  with  the  phenylhydrazine  and 
fermentation  tests.  Lactose  is  found  in  the  urine  during  the  last  weeks  of 
prepnaney  and  in  nursing  women.  01yco9uria  and  lactosuria  are  occa- 
8ional1y  essociated.  The  ingestion  of  more  than  120  grammes  of  lactose 
often  causes  a  lactosuria. 

Levulose. — The  presence  of  fruit  sugar  may  be  inferred  wben  the  urine 
gives  sugar  reactions  with  Trommer's.  Fehling's,  the  fermentation  and 
pbenylhydrazine  testa,  and  does  not  rotate  polarized  light  to  the  right. 
Levulose  at  times  rotates  polarized  light  to  tbe  V«lX.    Li&NAjkRft  <y»S(a%  \& 
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the  urine  in  some  cases  of  diabetes  and,  at  times,  in  the  urine  of  healthy 
persons  after  the  ingestion  of  levulose. 

Pentose« — Pentose  can  be  recognized  by  the  f aet  that  it  does  not  undergo 
fermentation  with  yeast,  but  gives  a  positive  reaction  with  Fehling's, 
Nylander's,  and  the  phenylhydrazine  tests.  Pentose  has  been  diseovered  in 
the  urine  after  eating  plums,  pears,  apples,  eherries,  and  huckleberries, 
from  the  ingestion  of  50  grammes  or  more  of  pentose,  and  occasionally  in 
diabetes.    A  f  aniily  tendency  has  been  reeorded. 

Dextrin. — This  substance  reducea  Fehling's  solution,  the  eopper  sepa- 
rating  first  as  a  green,  then  changing  to  a  yellow  precipitate,  and  sometimes 
as  a  dark  brown  sediment.  Dextrin  has  been  found  in  the  urine  in  the 
absenee  of  glucose.  Some  authorities  regard  the  presence  of  traees  of 
dextrin  as  normal. 

Acetone. — Legai/s  Test. — A  few  drops  of  freshly  prepared  concen- 
trated  solution  of  sodium  nitroprusside  are  added  to  a  small  amount  of  uri- 
nary  distillate,  and  the  mixture  treated  with  sodium  or  potassium  hydrate. 
When  a  ruby  color  develops,  rapidly  changing  to  yellow,  it  signiRes  the 
presence  of  acetone.  This  test  is  usually  negative  with  mere  traees  of 
acetone. 

LiEBEN^s  Test. — A  few  drops  of  potassium  hydrate  solution  and  a  small 
quantity  of  iodopotassic  iodide  are  added  to  the  urinary  distillate,  and 
the  mixture  warmed.  Acetone  is  indicated  by  the  formation  of  iodofonn, 
which  appears  as  hexagonal  or  stellate  crystals,  and  can  be  recognized  by  its 
characteristic  odor. 

Gunning's  Test. — Tincture  of  iodine,  or  Lugors  solution,  is  added  to 
the  urinary  distillate,  and  the  mixture  treated  with  ammonia  until  a  black 
precipitate  develops,  which  slowly  disappears,  leaving  a  yellow  deposit  of 
iodof  orm  crystals. 

Acetone  occurs  in  normal  urine  in  small  quantities,  not  exceeding  10 
mg.  in  twenty-four  hours.  It  is  increased  by  restricting  or  withholding 
carbohydrates  from  the  diet,  especially  when  large  amounts  of  proteids  are 
consumed.  It  is  also  augmented  in  febrile  diseases,  in  certain  cachexias,  in 
gastric  ulcer,  and  follows  the  administration  of  phloridzin,  and  chloroform 
narcosis,  and  in  severe  forms  of  diabetes  mellitus,  notably  before  and  dur- 
ing  diabetic  coma. 

Diacetic  or  Aceto<u:etic  Acid. — Gerhardt^s  Test. — Ten  or  15  c.c.  of 
urine  are  subjected  to  the  action  of  a  solution  of  ferric  chloride.  'When  a 
precipitate  forms  on  the  addition  of  the  ferric  chloride,  it  is  removed  by 
filtration,  and  to  filtrate  is  again  added  the  test  solution.  Diacetic  acid 
may  be  inferred  when  a  Bordeaux  red  color  develops,  which  may  completely 
disappear  in  from  twenty-four  to  forty-eight  hours.  Salicylic  acid,  salol, 
aspirin,  diuretin,  sodium  acetate,  and  antipvrin  may  give  a  similar  reaction. 
Prolonged  boiling  of  the  urine  containing  diacetic  acid  will  cause  a  complete 
or  partial  disappearanee  of  this  substance. 

Diacetic  acid  is  rarely  found  in  normal  urine.  It  occurs  in  conjunction 

with  large  amounts  of  acetone,  and  the  clinical  significance  of  aceto-acetic 

acid  is  similar  to  that  of  acetone.    Oxybutyric  acid  may  also  be  aaaociated 

witb  diacetic  acid     Diaceturia  is  of  speeial  importance  in  diabetics,  nnce 
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it  is  a  trastworthy  sign  of  acidosis,  and  is  always  a  f orerunner  of  diabetio 
coma.  Aceto-acetic  acid  bas  been  noted  in  the  urine  in  f ebrile  diseases,  in 
gastiD-intestinal  distnrbances,  especially  those  attended  with  starvation, 
and  occasionally  in  individuals  who  have  consmned  a  rich  proteid  diet  for 
a  number  of  days. 

/ff-OxYBUTYBic  Acid. — The  urine  is  evaporated  to  the  con8isteney  of  a 
syrup,  and  an  equal  volume  of  coneentrated  sulphuric  acid  is  added.  By 
distillation  erotonic  acid  is  obtained.  Crystals  of  crotonic  acid  separate 
on  cooling  the  distillate.  If  crystallization  does  not  occur  readily,  an 
ethereal  extract  is  obtained,  evaporated,  and  the  residue  dissolved  in  water 
and  aIlowed  to  crystallize.  The  presence  of  )8-oxybutyric  acid  may  be 
inferred  by  these  crystals.  If  fermented  diabetic  urine  containing  oxy- 
butyTic  acid  be  subjected  to  polariscopic  examination,  polarized  light  is 
rotated  to  the  lef  t. 

j8-0xybutyric  acid  is  the  mother  substance  of  diacetic  acid,  while  ace- 
tone  is  derived  from  the  latter  substance.  Its  presence  may  be  suspected 
when  diacetic  acid  exi8ts  in  the  urine  in  large  amounts.  )8-oxybutyric  acid 
occurs  less  frequently  than  diacetic  acid  and  acetone,  and  in  general  terms 
may  be  said  to  ariuse  under  conditions  similar  to  those  causing  acetonuria. 
It  is  found  in  the  urine  in  severe  infectious  fevers,  during  starvation,  and 
in  grave  forms  of  diabetes.  )8-oxybutyric  acid  is  generally  regarded  as  the 
cause  of  diabetic  coma.  Some  attribute  the  symptoms  of  this  condition 
to  a  lowering  of  the  alkalinity  of  the  blood  (alkali  starvation),  others  con- 
tend  that  its  toxic  action  is  responsible. 

Alkaptone  Bodies. — The  urine  containing  alkaptone  bodies  reduces 
Fehling's  reagent,  causing  this  test  solution  to  blacken.  This  reaction 
serves  to  dififerentiate  it  from  glucose.  Nylander's,  the  phenylhydrazine  and 
the  fermentation  tests  are  negative  with  urine  containing  alkaptone  bodies. 

Urine  of  alkaptonuric  individuals  appears  normal  when  voided,  but 
on  standing  its  color  changes  to  a  reddish-brown  or  black.  This  peculiar 
characteristic  of  the  urine  is  thought  to  be  due  to  homogentisinic  acid  and 
uroleucinic  acid.  The  cause  of  this  condition  is  not  known.  The  condition 
is  compatible  with  good  health,  and  is  often  peculiar  to  several  members 
of  a  family,  but  inheritance  does  not  seem  to  be  an  important  factor  in  its 
production. 

Ehrlich*s  Diazo  Reaction. — This  test,  introduced  by  Ehrlich,  depends 
on  certain  diazo  bodies,  which  probably  combine  with  aromatic  compounds, 
giving  a  color  reaction.  The  test  is  conductcd  as  f ollows :  A  solution  con- 
sisting  of  5  parts  of  sulphanilic  acid,  50  parts  of  hydrochloric  acid,  and  1000 
parts  of  water,  is  mixed  \vith  a  .5  per  cent.  solution  of  sodium  nitrite  in  the 
proportion  of  50  of  the  former  to  1  of  the  latter.  An  equal  volume  of  urine 
is  added  to  this  mixture  and  shaken.  T'pon  the  addition  of  a  few  drops 
of  ammonia,  a  cherry-red  color  develops  at  the  zone  of  contact,  indicating 
a  positive  diazo  reaction.  On  shaking,  the  entire  fluid  becomes  red.  A 
brown  or  salmon  color  constitutes  a  negative  reaction.  The  chief  clinical 
significance  of  this  reaction  relates  to  its  almost  constant  presence  in 
enteric  fever,  but  is  without  value  as  a  diflFerential  sign,  since  it  occurs  in 
a  number  of  diseases.    It  is  f  requently  presen!  in  m^8A\^^  ^tlAl  c^^^:^\cyci*^^ 
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in  pneumonia,  scarlet  fever,  diphtheria,  phthiais,  rheumatic  fever,  menin- 
gitis, and  at  times  in  non-febrile  diseases,  such  as  chronic  nephritis,  car- 
činoma  of  the  stomaeh,  and  leukasmia.  The  administration  of  salol,  phenol, 
and  betanaphthol  may  interf  are  with  this  reaction. 

Fat — Normal  urine  does  not  contain  fat,  but  it  is  present  in  small 
amounts,  rarely  in  large  quantities  in  chronic  parenchymatous  nephritis, 
occasionally  when  fat  occurs  in  excessiye  amoonts  in  the  blood,  and  after 
the  administration  of  large  doses  of  cod-liver  oil.  It  has  been  observed 
in  bone  diseases  in  which  there  is  a  destruction  of  the  bone-marrow,  in 
diabetes  mellitns,  leuksemia,  pancreatic  diseases,  chronic  tuberculosis  of 
the  lungs,  and  obesity.  In  chyluria  or  galacturia  the  milky  appearance  of 
the  urine  is  due  to  fat  globules.  Chylous  or  chylif orm  urine,  in  addition 
to  fat,  may  also  contain  leucocytes,  red  blood-cells,  fibrin,  albumin,  and 
occasionally  leucin,  tyrosin,  and  cholesterin. 

Quinine. — The  patient  is  to  pass  his  water  in  the  presence  of  a  doctor 
or  attendant.  To  2  c.c.  of  urine  in  a  test-tube  are  added  a  few  drops  of 
Tanret^s  solution.  If  the  urine  contains  quinine  it  immediately  assumes  an 
opalescent  appearance  which  is  marked  in  proportion  to  the  amount  of 
quinine  present.  The  same  reaction  occurs  with  alkaloids  and  albumin. 
but  disappears  in  either  čase  upon  the  addition  of  a  few  drops  of  alcohol. 
The  test  is  extremely  sensitive  and  the  reaction  takes  plače  about  two 
hours  after  the  ingestion  of  quinine  and  lasts  twenty-four  hours  after 
taking  quinine  and  reappears  during  twenty-four  hours,  even  when  small 
quantities  of  quinine  have  been  ingested,  and  as  long  as  forty-eight  hours 
with  1.50  or  2.00  gramme  dos^s.  This  test  is  important,  e8peci€dly  in  mili- 
tary  and  institutional  life,  for  the  foUowing  reasons: 

(a)  To  ascertain  whether  or  not  a  patient  in  whom  83rmptoni8  have  not 
been  relieved  has  actually  taken  the  daily  doses  dispensed  to  him. 

(b)  To  ascertain  whether  or  not  quinine  administered  in  pili  form  or 
capsnles  has  actually  been  f reed  in  the  intestines  or  dissolved. 

(c)  To  ascertain  in  a  čase  where  sufficient  quinine  has  been  admin- 
istered for  the  proper  length  of  time  and  the  8ymptoms  are  not  relieved, 
whether  or  not  they  are  due  to  malaria. 

Cryoscopy  of  the  Urine. — The  determination  of  the  freezing  point  of 
the  urine  permits  one  to  measure  its  molecular  concentration.  The  appa- 
ratus  devised  by  Beckraann  is  generallv  employed  in  ascertaining  the  freez- 
ing point.  The  average  freezing  point  in  normal  individuals,  as  determined 
by  Koranyi,  is  -1.7°  C,  although  wide  variations  are  noted.  CryoBcopy  of 
the  urine  is  rarely  employed  in  routine  clinical  work,  since  the  results  have 
not  been  satisfaetory. 

Cammidge's  Test — A  test  for  the  detection  of  pancreatic  disease  has 
been  suggested  by  Cammidge.  Ile  holds  that  this  reaction  is  due  to  the 
presence  in  the  urine  of  a  peculiar  bodv,  probably  pentose.  Por  the  details 
of  this  elaborate  procedure  the  reader  is  referred  to  the  manuals  on  special 
laboratory  work.  Cammidge  claimed  that  a  positive  rea«tion  occurs  in  aH 
cases  of  active  inflammation  of  the  pancreas,  and  that  by  this  means  acute 
jn^ammation  of  the  pancreas  can  be  difFerentiated  from  intestinal  obstruc- 
tion,  and  chronic  inflammation  of  the  organ  giving  rise  to  occlusion  of  the 
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common  duct  can  be  diagnosticated  f rom  gall-stone  disease.  It  was  asserted 
also  that  ''a  positive  reaction  is  indicative  of  altered  carbohydrate  metab- 
olism  due  to  disturbance  of  the  internal  secretion  of  the  pancreas."  The 
enthusiasm  excited  by  this  announcement  was  f  ollowed  by  a  speedy  reaction. 

The  results  of  critical  studies  in  a  series  of  cases  at  the  Mayo  C^inic  in 
1911  ju8tify  the  conclusion  that  ''if  knowledge  of  the  clinical  histories  and 
other  factors  of  the  personal  equation  be  eliminated,  the  end  results,  judged 
by  Cammidge's  own  eriteria,  must  be  eonsidered  as  a  means  of  diagnosing 
diseases  of  the  panereas,  to  be  both  valueless  and  misleading. "  Similar 
conclusions  followed  prolonged  and  careful  studies  in  the  surgical  elinic  of 
the  German  Hospital  in  Philadelphia  and  elsewhere.  It  has  been  shown  that 
rapid  disintegration  of  any  of  the  body  eells,  and  especially  of  the  poly- 
nuelear  Ieueocytes,  may  cause  the  reaction  in  the  urine. 

Phenolsulphonaphthalein  Test  for  Renal  Function. — See  page  636. 


310  MEDICAL  DIAGNOSIS. 


VIL 

THE  EXAMINATION  OF  THE  SPUTUM. 

Systematic  examination  of  the  sputum  fumishes  important  clinical 
dats  in  a  considerable  group  of  diseases  (see  also  pp.  467-475). 

MICROSCOPICAL  EXAMINATION. 

Leucocytes. — The  mere  presence  of  leuoocytes  has  no  special  signifi- 
cance,  since  they  occur  in  every  specimen.  A  sputum  containing  an 
abundance  of  white  blood-corpuscles  generally  indicates  a  pathological 
disturbance  of  some  part  of  the  respiratory  tract,  as  chronic  bronchitis, 
bronchiectasis,  pulmonary  abscess,  tuberculosis  with  cavity  formation,  or 
may  be  due  to  a  rupture  of  an  extrapulmonary  purulent  coUection  into 
the  lungs.  The  polynuclear  neutrophile  leucocytes  are  most  often  f ound  in 
sputum,  although  in  a  limited  number  of  diseases,  particularly  bronchial 
asthma,  eosinophiles  are  noted.  The  sputum  in  asthma  is  usually  loaded 
with  eosinophiles,  some  of  which  have  the  characteristic  morphology  and 
staining  reaction  of  the  hsemic  eosinophiles,  while  others  are  supplied  with 
a  circular  nucleus.  In  certain  cases  of  bronchitis,  tuberculosis,  and  after 
haemoptysis,  eosinophiles  are  present  in  the  expectoration. 

Epithelial  Cells. — Every  specimen  of  sputum  contains  epithelial  cells. 
Pavement  epithelium  may  be  derived  from  the  mouth,  the  pharynx,  and 
the  upper  half  of  the  larynx,  while  cylindrical  cells  may  come  from  the 
noše,  the  lower  part  of  the  laryTix,  trachea,  and  bronchi.  Catarrhal  inflam- 
mation,  especially  in  its  early  stages,  generally  determines  the  presence  of 
large  numbers  of  epithelial  elements.  Ciliated  cells  are  occasionally  found 
in  asthma  and  acute  bronchitis,  provided  the  specimen  be  examined  im- 
mediately  after  expectoration.  Alveolar  epithelial  cells  which  occur  in 
the  sputum  in  almost  every  pulmonary  disease,  as  well  as  in  the  "so-called" 
normal  expectoration,  are  large,  of  an  oval,  round,  or  polygonal  shape, 
supplied  with  one  or  several  relatively  small  vesieular  nuclei,  imbedded  in 
protoplasm  which  often  contains  albuminous  granules,  myelin  droplets, 
fat  globules,  particles  derived  from  ha^moglobin,  or  coal  pigment.  These 
cells  occur  in  abundance  in  acute  inflammatory  pulmonary  disease  and 
tuberculosis.  Myelin  granules  have  an  irregular  outline,  often  present  a 
concentric  arrangement,  and  are  found  either  intra-  or  extracellularly. 
Mvelin  probably  consists  mainly  of  protagon  and  of  small  amounts  of 
lecithin  and  of  cholesterin.  These  droplets  dissolve  in  alcohol,  stain  light 
yellow  with  iodine,  poorlv  with  aniline  dves,  and  are  not  blackened  with 
osmič  acid.  Alveolar  epithelium,  containing  granules  of  altered  blood 
pigment,  is  seen  in  the  sputum  of  congestion  of  the  lungs,  notably  in 
that  form  due  to  heart  disease,  hence  the  term  "heart  disease  cells''  ia 
applied  to  them. 

Red  blood-cells  occurring  in  small  numbers  are  eommonly  observed 
in  the  sputum  of  many  diseases  of  the  re8piratory  tract  and,  therefore,  have 
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no  epecial  importftnce,  but  when  present  in  considerable  or  large  numbers 
indicate  a  morbid  lesion.  Expectoration  of  blood  (li£Emoptyais)  is  due  to  a 
variety  of  cauaes  (Bee  page  4o8).  Erythrocytes  in  the  sputum,  as  a  rule,  ex- 
hibit  alteration  of  atructure,  so  that  crenated,  dehsmoglobinized,  and  frac- 
tured  cells  are  common. 
Elasttc  tlssue,  in 
considerable  amounts, 
can  be  readily  demon- 
strated  by  the  folIowing 
method:  A  thin  layer  of 
sputum,  obtained  by 
pressing  it  between  two 
glasa  plates,  is  examiQed  ^- 
with  the  aid  of  a  hand  "^ 
lens.  When  elaetic  tisaue 
cannot  be  recognized  by 

this  raetbod,  the  microscope  should  be  cniployed;  a  suspected  particle, 
which  generally  has  a  gray  or  yeUow  color,  is  placed  upon  a  slide  and 
studied  by  low  magnification.  Elastic  tissue  may  also  be  demonstrated 
by  treating  the  sputum  with  an  equal  quantity  of  a  10  per  cent.  solu- 
tion  of  potasaium  or  sodium  hydroxide  and  boiling  the  mixture  until 
it  becomes  homogeneous.  The  solution  is  shaken  with  four  or  five  parts 
of  water  and  the  mixture  centrifugated,  The  sediment  is  then  examtned 
micro3copicalIy.  Elastic  tissue  is  found  as  long  slender  threads,  general]y 
having  a  waxy  appearance,  and  at  times  these  fibrea  conform  to  the 
outline  of  alveoli.  The  preaence  of  elastic  fibres  indicates  disintegration 
of  bronchial  or  piilmonary  tissue,  the  latter 
bctng  positively  affirmed  when  the  fibres 
have  an  alveolar  arrangement.  Elastic 
tissue  la  noteii  in  bronchiectasis,  pulmon- 
ary  abscesa,  gangrene,  tuberculoais,  and 
tumors  of  the  lungs. 

Curschmann'8  splrals  are  noted  ia 
the  sputum  in  cases  of  bronchial  asthma, 
oc'co3ionally     in     tuberculosis,     croupous 
pneumonta,  and  bronchitia.     Upon  micro- 
th*.iputu'iD"of«'M««i'MrhiM7'x''2uoV—     3copicexamination,theyconai8t  of  delicate 
KmenuD.  t\visted   threads,  often  wound   around   a 

central  core.  Many  of  these  apirala  are  coated  with  mucus  in  which 
epithehal  cella,  eosinophiles,  neutrophile  leucocytes,  and  Charcot-Leyden 
cryatals  are  imbedded.  Curschmann's  spirais  consist  chiefly  of  mucua, 
while  the  central  core  is  held  to  be  fibrin  in  some  instances.  Many  author- 
itiefl  claim  that  these  budies  are  formetl  in  the  bronchioles. 

Crystals. — With  the  exception  of  Chflrcot-l-eyden  cryBtals,  very  little 
importance  can  as  yet  be  attached  to  the  presence  of  crystalline  bodica. 
Charcot-Leyden  crystal3  are  colorless  and  have  the  shape  of  two  elongated, 
8harply  pointed,  hexagonal,  pyramidal  figures  with  bases  oppoaed.  They 
atain  wtth  eosin.  It  vas  fornierly  thought  that  they  were  the  excitin& 
factor  of  bronchial  asthma.    This  view  is  no  loTi(c<eT  en\x!t\,«\TVK^,  «avc%^«»K. 


312  MEDICAL   DL\GNOSIS. 

ciystals  are  oecaaonaDy  found  in  other  diaeaaes,  such  as  bronrhitis  and 
tuberculosis.  They  are  probably  formed  from  eosmophile  cells.  C7y5TaIs 
of  fattv  acids  are  noted  in  the  sputum  of  tuberculosis.  gangrene.  brc*n- 
chiectasb,  and  fetid  bronchitis.  Cholesterin  plates.  which  are  r&rely 
seen  in  the  sputum,  ha>-e  been  found  in  conjunction  with  fattv  acid  crvsials 
in  absoess  of  the  lung,  and  phthisis.  HjEMatoidin  crtstals  ocrur  in  The 
putrid  sputum  of  certain  lung  diseases,  and  in  emprama  and  bepatic  afascess 
with  a  bronchial  outlet,  and  oecasionallv  after  haemoptvsis.  Leucin  and 
tvrosin  crvstals  are  at  times  present  in  purulent  sputum,  while  calcium 
oxalate  and  triple  phosphate  crvstals  are  rare  ingredients  of  spuium. 

Animal  Pamsiies.^ — ^The  Trichoiionas  pulmonalis  has  been  reponed 
in  a  few  instances  in  the  sputum  in  lung  gangrene,  tuberculosis.  ahscess. 
and  putrid  bronchitis,  while  circomonads  have  been  recorded  in  pul- 
monar>'  gangrene.  The  sputum  in  cases  of  liver  abscess  perforating  into 
the  lung  mav  show  the  Amoeba  coli.  Tjenta  Echinococcts. — Hvdatid 
disease  mav  cause  pulmonar\'  absoess  or  gangrene  and  is  sometimes  re- 
sponsiUe  for  copious  luemoptvsb.  The  sputum  in  this  condition  mav 
contain  shreds  of  cvst  membrane,  daughter  cvsts,  scolices  and  hookiets 
of  the  worm.  Distoma  Pulmonai^. — ^This  parasite  is  responsible  for  a 
form  of  chronic  pulmonar>'  disease.  characteiiied  by  luemoptvsb.  seen  in 
Japan.  China,  and  Korea.    This  fluke  and  its  ova  are  found  in  the  sputum. 

VegtttMc  Psarasitcs. — A  large  number  of  micro-organisms  have  been 
found  in  the  sputum.  Among  these  may  be  mentioned:  the  tubercle 
bacillus.  Diplococcus  pneumonis,  staphvloeocci,  streptococci.  sarcinjp, 
8treptothrix,  actinomyce8,  Micrococcus  catarriialis,  and  the  influenza. 
smegma.  tvphoid,  plague.  diphtheria.  and  Friedlander's  badDus. 

In  the  čase  crf  tubercle  bacilli,  their  staining  reaction«  outline,  and 
aze,  in  the  absence  of  luological  tests,  generallv  affcvd  sufficient  evidence 
to  establish  the  Hia^gn^va«  d  this  organism.  Whh  most  bacieria  occur- 
ring  in  the  sputum  this  is  not  the  čase,  so  that  their  identhv  can  onhr 
be  determined  provisionaDv  but  not  finaUv  by  their  tinrtcmal  and  mor- 
phological  characteristics.  Thb  tentative  opinion  is.«  however,  often 
strengthened  by  the  correlatkm  of  the  chnical  data  of  the  onderiving 
pathological  proce:^.  Cultural  studies  are  as  a  nile  c.^^  ntial,  and  inocula- 
tion  experiments  often  required  for  a  bacteriological  diagnosis.  Works  on 
bacteriologv  should  be  consulted  for  bacteri<dogicaI  investigaticHis. 

TrBEKCLE  BACiLLrs. — The  finding  of  tubercle  bacilli  in  the  sputum 
b  a  valuable  ^ien  in  estabUshing  the  diagnošs  of  tubemikas  of  the  hings, 
although  the  absence  of  these  organisms  in  the  expectoration  of  an  individ- 
ual  preseniing  pulmonarv  svmptoms  does  not  neoMtsarilv  negative  the 
diagncfesis.  The  fadlure  to  find  bacilli  on  a  number  oc  e^aminatioDs  in  a 
susp^^ted  čase.  particularfy  <rf  a  chronic  nature.  is  t^hmii:  evidence  against 
the  eii5tence  of  phihisi«.  In  acute  tuberculv\?i5.  espiecialhr  in  the  eariy 
5tage<.  thev  are  frw3uenily  wanttng  in  the  spuTuni.  Tn^re  is  no  singie 
diaracteristic  presected  by  macroecoptc  exai:iina:ion  oc  ihe  sputum  by 
vhich  ii5  tuberculous  nature  can  be  lecocmied.  Rosecbencer  holds  tlie 
Ticw  bAied  on  repeaced  oheervations  that  tuhprrie  bacila  are  pmrat 
■L  the  fsced  of  persons  suffering  from  acti\e  pulmooarv  tubfrcuk««.  even 
m  tht  Mcute  miliarv  form.    The  todhuc  of  the  ejLaminatMa  lor  mbeirle 
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bacilli  is  as  follows:  Preferably  a  caseous  mass  or  a  bit  of  purulent  or 
hemorrhagic  sputum  is  placed  upon  a  slide  or  cover-slip.  In  the  absence  of 
cheesy  particles,  specimens  are  selected  from  different  parts  of  the  sputum. 
A  thin  smear  is  made,  carefully  dried  and  fixed  by  rapidly  passing  the 
slide  or  cover-glass  through  a  flame  several  times.  The  tubercle  bacillus 
belongs  to  the  group  of  acid-fast  bacteria,  which,  after  staining,  resist  to 
a  marked  degree  decolorization  with  soIutions  of  mineral  acids. 

To  concentrate  the  bacteria  in  the  specimen  of  the  sputum,  the 
method  of  Mulhau8er-Czaplewski  will  be  found  most  serviceable.  From 
four  to  eight  volumes  of  a  0.25  per  cent.  solution  of  sodium  hydrate  are  • 
added  to  the  sputum,  placed  in  a  bottle,  and  shaken  until  the  fluid  has  a 
imiform  mucilaginous  appearance.  A  few  drops  of  phenol-phthalein  solu- 
tion are  added  and  the  liquid  is  boiled.  A  2  per  cent.  solution  of  acetic  acid 
is  now  added  drop  by  drop  until  the  pink  color  of  the  liquid  j  ust  disap- 
pears.   The  material  can  now  be  centrifugated  and  the  sediment  examined. 

Aniiformin. — ^To  a  portion  of  sputum  in  a  centrifuge  tube  add  an  equal 
amount  of  a  10-15  per  cent.  solution  of  antiformin;  allow  it  to  stand  for 
a  few  minutes  and  then  centrifugate.  Decant  the  supematant  antiformin 
solution  and  again  centrifugate.  At  this  point  a  few  cubic  centimetres  of 
alcohol  may  be  added  to  lower  the  specific  gravity  and  aid  in  the  precipi- 
tation  of  the  bacilli.  The  sediment  is  then  smeared  on  the  slide  and  stained 
by  one  of  the  usual  methods. 

ZieM-Nedsen  Method, — The  stain  consists  of  10  c.c.  of  a  concentrated 
alcoholic  solution  of  fuchsin,  dissolved  in  90  c.c.  of  a  5  per  cent.  solution 
of  carbolic  acid.  The  film  of  sputum  is  covered  with  the  stain.  The  cover 
or  slide  is  then  held  over  a  flame  until  the  solution  is  brought  to  the  boil- 
ing  point;  or  the  specimen  may  be  stained  in  cold  carbol  fuchsin  for  24 
hours.  After  a  half  minute,  the  excess  of  hot  stain  is  poured  off  and  the 
specimen  washed  with  water.  The  stained  preparation  is  next  placed  in 
a  25  per  cent.  solution  of  nitric  acid  for  several  seconds  until  the  bright 
red  color  disappears.  then  vrashed  in  water  and  dried.  The  specimen  may 
be  counterstained  with  a  watery  solution  of  Bismarck  brown  or  methylene 
blue  for  a  minute  or  two.  The  cover-glass  film  is  mounted  on  a  slide  in 
balsam  or  cedar  oil.  The  specimen  spread  and  stained  upon  a  slide,  the 
most  convenient  method,  may  be  examined  without  a  cover-glass. 

OabbetVa  Method, — ^The  sputum  properly  spread  and  fixed  upon  a  slide 
or  cover-glass  is  covered  with  a  reagent  consisting  of  fuchsin  1  gramme, 
alcohol  10  cubic  centimetres,  and  a  5  per  cent.  solution  of  carbolic  acid  100 
cubic  centimetres,  and  held  over  a  flame  until  the  stain  boils.  After  drain- 
ing  off  the  carbol  fuchsin  from  the  slide,  the  specimen  is  treated  for  two 
minutes  with  Gabbett's  reagent,  composed  of  methylene  blue,  2  parts,  dis- 
solved in  100  parts  of  a  25  per  cent.  solution  of  sulphuric  acid;  then  washed 
with  water,  thoroughly  dried,  and  examined  micro8copJcally. 

Pappenheim'8  Method.  —  This  method  affords  the  means  of  dis- 
tinguishing  tubercle  bacilli  from  other  acid-fast  organisms.  The 
stain  is  prepared  by  dissolving  1  part  of  corallin  in  100  parts  of 
absolute  alcohol.  This  solution  is  then  saturated  with  methylene  blue, 
after  which  20  parts  of  glycerin  are  added.  After  staining  the  specimen 
with  a  heated  carbol  fuchsin  solution  in  the  manner  previously  described« 
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the  excess  of  stain  is  drained  from  the  slide  and  immediately  Pappenheim'8 
solution  is  placed  upon  it  and  allowed  to  act  for  a  few  minutes.  Fresh 
Solutions  may  be  added  several  times  if  the  spread  is  tinged  red  in  any 
part.    The  sUde  is  next  washed  in  water,  dried,  and  exaniined. 

With  these  methods,  tubercle  bacilli  appear  as  straight  or  8lightly 
bent  red  rods,  varying  from  1.5  to  4  microns  in  length  and  from  .1  to  .2 
micron  in  thickness.  Occasionally  they  are  tinted  more  deeply  in  certain 
parts,  having  the  appearance  of  a  streptococcus  (beaded  forms).  Branch- 
ing  forms  are  rarely  found.  The  older  varieties  of  bacilli  are  thought  to 
•  rtain  more  intensely  than  the  younger  forms.  As  a  rule  a  number  of  organ- 
ibms  can  be  found  in  preparations,  many  of  which  are  frequently  arranged 
in  groups  containing  several  or  more  organisms.  It  is  most  uncommon  to 
find  but  a  single  bacillus  in  a  specimen  and,  when  this  occurs,  the  possi- 
bility  of  contamination  of  the  sputum  from  dust  should  be  remembereJ. 
The  number  of  germs  in  chronic  cases  often  is  an  index  to  the  extent  of 
the  ulceration  in  the  lung,  although,  in  acute  cases,  the  degree  of  the  tuber- 
cle involvement  bears  no  relation  to  the  abundance  of  bacilli.  A  lessening 
in  the  number  of  bacilli  ofttimes  is  associated  with  a  steady  improvement 
in  the  patient,  and  a  disappearance  of  the  micro-organisms  frequently 
points  to  quiescent  or  healed  lesions. 

DiPLococcus  PNEUMONiiE. — ^The  finding  of  pneumococci  in  the  sputum, 
in  the  absence  of  other  clinical  data,  is  without  diagnostic  significance, 
since  thcse  organisms  exist  in  the  šaliva  of  a  considerable  proportion  of 
healthy  individuals,  as  well  as  in  the  expectorated  material  in  several 
diseases.  Their  presence  in  the  sputum  of  a  čase  exhibiting  pulmonary 
symptoms  often  establishes  an  .  etiological  diagnosis.  Pneumococci  are 
found  in  large  numbers  in  the  sputum  of  croupous  pneumonia  and  occa- 
sionally  in  bronchopneumonia.  This  organism  reacts  positively  to  solutions 
of  basic  dyes.  Stained  specimens  frequently  8how  a  colorless  capsule 
about  the  diplococci. 


VIII. 

THE  EXAMINATION  OF  TRANSUDATES,  EXUDATES,  AND  THE 

CONTENTS  OF  CYSTS. 

The  results  of  the  examination  of  transudates,  exudates,  and  the 
contents  of  cysts  by  physical,  chemical,  microscopical,  and  bacteriologi- 
cal  methods  are  diagnostic  auxiliaries. 

ExpLORATORY  PuNCTURE. — An  exploratory  syringe,  equipped  with  a 
large  stout  needle,  is  generally  used  for  this  purpose,  but  for  some  explora- 
tions  the  aspirator  needle  alone  is  employed,  since  the  positive  internal 
pressure  of  certain  effusions  expels  the  fluid.  The  operation  of  explora- 
tory  puncture  must  be  performed  under  strict  antiseptic  precautions; 
the  skin  should  be  sterilized  by  thoroughly  scrubbing  with  soap  and  hot 
Bterilized  water,  followed  by  wa8hing  with  hot  sterilized  water  and  then 
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with  an  antiseptic  solution.  When  possible  an  antiseptic  dressing  should 
be  applied  for  some  hours  prior  to  performing  the  operation.  The  hands 
of  the  operator  should  be  surgically  clean  and  the  instrument  should  be 
sterile.  The  technic  of  peritoneal,  pleural,  pericardial,  and  lumbar  punc- 
ture  is  discussed  in  Part  IV. 

The  differentiation  between  exudates  and  transudates  is  not,  as  a  rule, 
difficult,  since  the  internist  is  guided  by  associated  clinical  phenomena  in 
determining  the  origin  of  the  fluid.  There  are,  however,  cases  in  which 
the  character  (whether  it  be  inflammatory  or  non-inflammatory)  of  the 
material  cannot  be  ascertained  by  the  symptoms  or  the  history  of  the  čase, 
and  the  final  distinction  must  rest  with  the  laboratory,  although  in  a  few 
instances  the  various  methods  of  laboratory  research  fail  to  solve  the 
problem. 

Transudates  are  generally  light  yellow  or  pale  yellowish-green,  at  times 
reddish,  due  to  blood  staining,  milky  as  noted  in  chvlous  efTusions,  and 
dark  yellow  when  deeply  tinged  with  biliary  pigment. 

The  composition  of  transudates  of  the  peritoneal,  pleural,  and  peri- 
cardial sacs  is  nearly  the  same.  They  consist  of  water  (95-96  per  cent.), 
solids,  proteids,  extractives,  inorganic  salts,  and  uric  acid.  Allantoin, 
dextrose,  fructose,  urobilin,  and  biliary  pigment  have  also  been  demon- 
strated  in  transudates.  Their  specific  gravity  is  generally  below  1.018,  in 
many  cases  as  lpw  or  even  below  1.010,  and  oceasionally  above  1.020.  Hy- 
draemic  transudates  are  of  lighter  specific  gravity  than  those  due  to  stasis. 
The  specific  gravity  is  influenced  mainly  by  the  proteids  contained  in  the 
fluid,  so  that  exudates,  which  are  genorally  richer  in  albuminous  bodies 
than  dropsical  fluids,  are  as  a  rule  of  higher  gravity  than  transudates. 
The  estimation  of  the  total  proteids  content  is  therefore  of  value  in  dif- 
ferentiating  between  transudates  and  exudates.  The  percentage  of  pro- 
teids in  stasis  transudates  generally  rangesfrom  1  to  3,  while  in  hydr8emic 
effusion  it  is  much  lower,  usually  not  above  .5.  Transudates  either  contain 
no  fibrin  or  it  exists  only  in  minute  amounts.  A  few  endothelial  cclls  and 
leucocytes,  at  times  er}'throcytes  and  cholesterin  crystals,  are  found. 
In  hydroperitoneum  occurring  in  leukapmia,  Charcot-I^yden  crystals, 
mast  cells,  and  eosinophiles  have  been  recorded.  In  the  main  the  chlorides 
exist  in  greater  concentration  in  transudates  than  in  exudates,  and  as  a 
rule  the  degree  of  alkalinity  of  dropsical  fluids  is  about  that  of  the  blood  of 
the  individual  in  question,  while  in  an  exudate  it  is  lowered. 

Exudates. — The  chief  varieties  of  exudates  are  serous,  hemorrhagic, 
purulent,  and  putrid,  and  between  these  types  there  are  gradations  and 
combinations.  The  recognition  by  macroscopic  inspection  of  purulent 
collections  is  generally  a  simple  matter,  although  serous  exudates,  which 
contain  a  large  number  of  fine  fibrin  flakes  and  chylous  fluids,  are  of  similar 
appearance.  The  uniform  turbidity  of  purulent  effusions  serves  to  dis- 
tinguish  them  from  serofibrinous  effusions,  while  the  presence  of  fine 
granules  of  fat  is  characteristic  of  chylous  fluids.  In  many  inflammatorv 
collections  a  coagulum  forms  imme<liately  after  the  fluid  is  withdrawn 
from  the  body.  Their  specific  gravity  is  generally  above  1.018,  the  proteid 
content  is  U8ually  above  4  per  cent.  and  at  times  as  high  as  6  per  cent. 
Serum  albumin  and  globulin  in  considerable  amouuta,  tt^i^ifta  ol  ^\sww^^g!2CL 
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and   serosamucin  are  present  in  exudate8;    nucleo-albumin,  albumoses, 
leucin,  and  tyrosin  have  also  been  noted. 

•  Rivalta'8  Test. — The  principle  of  this  test  is  based  on  the  precipita- 
tion  in  many  exudates  of  a  peculiar  body,  the  character  of  which  has  not 
been  definitely  determined,  although  regarded  by  some  authorities  as  mucin 
and  denominated  serosamucin,  while  others  hold  that  it  is  a  globulin. 
This  test  is  carried  out  by  aIlowing  a  drop  of  the  fluid  to  fall  into  a  weak 
acetic  acid  solution  (two  drops  of  glacial  acetic  acid  in  100  c.c.  of  distilled 
water).  When  the  drop  sinks  and  leaves  a  turbidity  it  indicates  the  pres- 
ence  of  this  substance,  while  the  failure  to  produce  cloudiness  denotes  the 
absence  of  this  body  (serosamucin).  The  intensity  of  the  cloudiness  and 
the  rapidity  with  which  it  forms  are  an  index  to  the  amount  present.  This 
test  is  of  importance  in  differentiating  exudates  from  transudates. 

Animai  parasites,  bacteria,  many  cellular  elements,  lymphocyte8,  poly- 
nuclear  cells,  endothelial  cells,  erythrocytes,  and  detritus  occur  in  exudates. 

Bacteriological  Examination.  —  Bacteria  rarely  exist  in  transu- 
dates, but  their  presence  in  exudates,  which  is  frequent,  furnishes  a  most 
useful  field  for  diagnosis  and  prognosis.  The  fluid  for  bacteriological 
examination  is  coUected  in  a  sterile  flask,  the  neck  of  which  is  then  immedi- 
ately  plugged  with  sterile  cotton.  (For  technic  consult  works  on  bacteriol- 
ogy.)     A  diagnosis  of  tubercle  bacilli  can  often  be  made  by  staining  methods. 

CoLLECTiNG  Sediment. — Fluids  removed  by  puncture  often  coagulate 
8pontaneously.  Since  the  coagulum  entangles  some  of  the  cellular  bodies 
and  bacteria,  the  elements  which  remain  in  the  fluid  portion  do  not  form 
an  accurate  basis  for  calculating  the  number  or  the  percentages  of  the  dif- 
ferent  varieties  of  cells.  In  order  to  prevent  coagulation  one-third  or 
fourth  volume  of  a  2  per  cent.  sodium  citrate  salt  solution  is  added  to  the 
specimen.  After  centrifugah zation  or  sedimentation  the  supernatant  fluid 
is  removed  and  the  tube  is  filled  with  saline  solution,  then  gently  agitated 
and  recentrifugated.  Much  of  the  albumin  is  removed  from  the  fluid  by 
this  procedure,  which  insures  better  results  in  staining. 

Inoscopt,  the  method  introduced  by  Jousset,  was  designed  to  aid  in 
the  diagnosis  of  tuberculosis.  The  exudate  is  allowed  to  coagulate  spon- 
taneously,  but  should  this  not  occur  the  addition  of  horse  serum  will  bring 
about  clotting.  The  coagulum  which  holds  many  of  the  tubercle  bacilli 
is  then  removed,  broken  up,  and  digested  by  means  of  a  fluid  consisting  of 
NaF  3  grammes,  pepsin  1  or  2  grammes,  glycerin  10  c.c,  HCl  40  per  cent. 
15  c.c,  water  1000  c.c.  The  resulting  liquid  is  then  centrifugated  and  the 
sediment  examined  in  the  usual  manner  for  tubercle  bacilli. 

Cvtological  Examination.  —  After  securing  the  sediment  of  the 
citrated  material,  or  the  digested  coagulum,  it  should  be  properly  fixed. 
Treating  the  sediment  with  a  ^  or  1  per  cent.  formaldehycie  solution  for 
several  minutes  is  highly  recommended  by  some  worker8.  The  sediment 
is  spread  into  a  thin  film  upon  a  slide  or  cover-glass,  dried,  and  if  not  pre- 
viou8ly  fixed  is  now  subjected  to  such  fixatives  as  methyl  alcohol,  or  alcohol 
and  ether,  heat,  or  formalin  solutions.  The  selection  of  the  stain  depends 
upon  the  structures  desired  to  be  demonstrated  and  upon  the  choice  of 
the  worker.  Most  of  the  Romanow8ky  modifications  or  double  stains,  as 
eoein  and  hsematoxy\oii  or  methylene  blue,  give  8atisfactory  results.    The 
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principle  which  involves  the  determination  of  *  the  percentages  of  the  vari- 
ous  types  of  cells  is  the  same  as  for  the  differential  counting  of  leucocytes. 
Immediate  citration  of  fresh  specimens,  followed  by  centrifugating,  prob- 
ably  offers  the  best  means  of  studymg  cellular  elements  and  bacteria. 

CvTODiAONOSis. — The  cytologieal  formula  does  not  diagnose  a  disease, 
but  rather  suggests  the  aeuteness  or  chronieity  of  a  pathologieal  condi- 
tion,  the  stage  and  inten8ity  of  a  morbid  procesa,  or  the  absenee  of  inflam- 
mation.  A  rare  exception  relates  to  eflfusions  whieh  contain  tumor  frag- 
menta, the  histology  of  which  may  be  diagnostic. 

The  most  important  cellular  elements  entering  into  cytological  studies 
are  l3anphocytes,  polynuclear  cells,  endothelial  cells,  eosinophile  cells,  mast 
cells,  erythrocyte8,  and  tumor  cells. 

Endothelial  Cells. — ^An  increase  of  endothelial  cells  in  a  fluid  is  gen- 
erally  associated  with  non-inflammatory  eflfusions  of  the  serous  cavities. 
Dropsical  eflfusion  due  to  passive  congestion  and  hydraBmic  transudates 
8how8  endotheliocytosia  In  the  early  stages  of  a  tuberculous  eflfusion  a 
high  percentage  of  endothelial  elements  is  sometimes  noted. 

Lymphocyies.  —  An  irritant  of  mild  intensity  is  responsible  for  a 
lymphocyte  predominance  in  an  eflfusion.  Such  a  reaction  is  es8entially 
local  and  does  not  provoke  a  general  stimulus.  An  irritation  of  low  grade, 
especially  when  protracted  over  a  long  period,  calls  forth  these  cells.  Lym- 
phocyto8is  is  the  rule  in  tuberculosis,  although  a  polynucleosis  may  precede 
a  lymphocytic  phase,  or  in  some  instances  it  may  follow.  These  variations 
are  attributed  to  increased  virulence  of  bacteria  and  to  secondary  or  mixed 
infections.  A  lymphocyte  preponderance  preceded  by  a  polvnucleosis  is 
regarded  as  having  a  favorable  prognostic  significance.  The  development 
of  a  polynucleosis  taking  the  plače  of  a  lymphocytosis  is  suggestive  of  a 
complication.  In  the  late  stages  of  acute  inflanunations  or  when  these  tend 
to  become  chronic,  a  high  lymphocyte  percentage  is  often  noted.  Lym- 
phocytosis  is  noted  almost  constantlv  in  eflfusions  of  tuberculous  origin 
and  sometimes  in  those  due  to  syphilis,  unemia,  malignant  tumors,  and 
paresis. 

Polynuclear  Cells, — The  exudates  in  acute  infliammation  or  infections 
of  serous  sacs,  such  as  are  produced  by  staphylococci,  pneumococci,  strep- 
tococci,  meningococci,  colon  bacilli,  and  typhoid  bacilli,  contain  a  high 
percentage  of  polynuclear  leueocytes.  In  the  early  stage  of  tubercu- 
losis a  polynucleosis  is  sometimes  noted,  and  frequently  in  tuberculosis 
pericardial  eflfusions.  As  an  acute  infliammation  subsides  polynuclear 
preponderance  becomes  less  marked,  and  this  is  often  followed  by  a  rise 
in  the  number  of  the  l3anphocytes,  which  may  outnumber  the  multihuclear 
elements. 

Eosinophilic  celi  increase  has  been  recorded  in  eflfusion  occurring  in 
the  eourse  of  rheumatic  fever,  tuberculosis,  nephritis,  8yphilis,  carcinoma, 
and  following  trauma. 

Mast  cells  have  been  noted  occasionally  in  eflfusions,  especially  those 

of  long  standing. 

Erythrocytes.—Coiitaminat\on  of  the  fluid  vf'\lYi  \AwA  Itotv  >i>sv^  ^^^j^l 
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made  by  puncture  is  nnavoidable  in  maiiy  inatances,  but  aside  from  this 
source  red  corpuscles  in  an  effusion  are  at  times  the  espression  of  malig- 
nant,  renal,  or  tnberculous  disease.  They  are  also  seen  in  effusion  due  to 
acute  infections.  They  may  be  seen  in  acute  leukaeimia  and  the  blood  dy»- 
ci'asias.  The  possibility  of  a-  hemorrhage,  as  in  cerebral  apoplexy  with 
eflfuston  into  the  ventricieg  of  the  brain,  or  a  small  leak  of  an  aneuriam 
into  a  serous  sac,  should  alwaya  be  borne  in  mind. 

The  recognition  of  some  of  the  varieties  of  cells  just  described  may  not 
be  so  simple  a  niatter,  A  celi  having  a  single  nucleus  undergoing  degenera- 
tion  and  fragmentation  may  resemble  a  multinuciear  element.  Polynuclear 
cells  may  be  difiicult  to  detect  when  the  eell  body  undergoes  ehrinkage 
and  beconies  disintegrated. 

Chylous  fluids  owe  their  turbidity  to  fine  particies  of  fat.  The  amount 
of  fat  varies;  it  is  often  under  1  per  cent.,  but  in  a  čase  reported  by  Hammer- 
fahr  it  reached  2.95  per  cent.  Other  constituents  of  this  variety  of  effu- 
sion are  vvater  (90  per  cent.  +),  albumin,  fibrin,  globuUn,  cholesterin, 
lecithin,  salta,  soaps,  fatty  acids,  and  other  substances.  The  fat  is  soluble 
in  ether  and  gives  the  tests  for  this  substance. 

There  are  certain  effusions  designated  chyloid  or  paeudochylous  which 
cIosely  resemble  chylou8  fluids  in  their  grosa  appearance  but  differ  from 
them  since  the  free,  fine,  fat  particies  are  absent.  The  opalescence  of  theae 
fluids  prob&bly  depends  on  a  variety  of  causes,  while  in  some  instances 
the  milky  appearance  cannot  be  explained.  The  presence  of  endolbelial 
or  epithelioid  cells  with  a  fatty  degeneratcd  protoplasm  is  the  explanation 
BUggested  by  Quincke  in  some  of  these  cases,  Other  observers  hold  that 
bacterta,  globulins,  lecithin.  mucin,  and  certain  proteids  (other  than 
globulin)  are  responsible  for  the  turbidity 
fV%  A'  ^3r  '  ^  '•  .  t  which  may  in  some  instances  suggest  a  puru- 
**  ^•^     _     ^i?^^      '^^^  *^haracter  rather  than  a  milky  appearance. 


f^  ^Lf^%^L  "^  Chylou8  collections  are  not  uncommon!y 

•  ^.    •               ^j  noted,  especially  in  the  peritoneal  cavity  and 

pleural  sacs,  rarely  in  the  pericardium.    These 

-  w  a^^  effusions  arise  in  a  nuniber  of  diseases  in  which 

aft  ^^  m^^  _       A  pressure  is  exerted  on  the  thoracic  duct  or  the 

i*Zj0        ^^  V^M  Iymphatic  vessels, 

•  ^"^^4^  m  ^*  C«rebro8pinaI  Fluid.— In  health  the  cere- 


_  41    »■        ^1 1       brospinal  fluid  obtained  by  lumbar  puncture 
fP  ^^  ^  **      is  colorless,  clear,  of  alkaline  reaction,  has  a 

gp         -_A  ^°^    specific    gravity,  ranging  from    1.003  to 

"^^.^^  1.007  due  to  the  presence  of  from  1  to  1.5  per 

^^V^i^j  cent.  of  solids  and  cellular  elements  (endothelial 
Fio  124  — sroeu  of  ih*  opin*]  "^"^  ^""^  leucocyte8),  not  exceeding  5  per  c. 
Buidor  a  oHcif  cpidemicccrebro-  mm.  Tbe  amount  under  normal  conditions 
has  been  set  as  varvmg  between  5  and  10  c.c. 
although  these  figures  are"only  appro3timate.  The  dural  pressure  as  deter- 
mined  with  an  ordinary  water  manometer  in  the  dorsaJ  position  ranges 
from  60  to  100  mm.  in  health,  wh)le  in  disease,  as  in  meningitis  and  cere- 
bral tumor,  it  may  reach  from  200  to  800  mm.  Serious  Bymptom8  may 
ar/se  on  withdramng  the  fluid  wheQ  tbe  preBsure  falls  below  60  mm. 
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Urea,  globulin,  protalbumOse,  nucleoproteid,  and  a  reducing  substance 
probably  similar  to  pyrocatechin,  and  sodium  chloride  and  other  inorganic 
salts  are  present.  Serum  albumin  is  said  never  to  exist  in  the  normal 
fluid.  There  is  some  doubt  as  to  the  presence  of  glucose;  some  author- 
ities  claim  that  it  is  a  normal  constituent  (.4  to  .5  per  cent.),  which  dis- 
appears  when  meningitis  develops  (Lannois  and  Boulard),  while  others 
hold  that  it  does  not  exist  in  health. 

In  pathological  conditions  the  cerebrospinal  fluid  is  often  altered. 

In  disease  the  quantity  varies  from  a  few  c.c.  to  more  than  100  c.c. 
The  amount  is  increased  in  acute  hydrocephalus,  in  general  paresis,  dementia 
prsecox,  in  some  of  the  infectious  diseases,  in  brain  tumors,  and  in  menin- 
gitis. It  should  be  borne  in  mind  that  interference  with  the  circulation  of 
the  cerebrospinal  fluid  from  increased  intracranial  pressure,  as  in  brain 
tumor,  which  cuts  off  the  communication  between  the  subarachnoid 
basilar  spaces  of  the  brain  and  those  of  the  cord,  may  result  in  an  absence 
or  diminished  amount. 

The  fluid  is  often  pale  yellow,  cloudy,  or  creamy  in  appearance  in  acute 
meningitis,  while  in  tuberculous  meningitis,  hydrocephalus,  and  brain 
tumors  it  is  generally  clear  and  colorless.  In  hemorrhage  into  the  ven- 
tricles  fluid  blood  may  be  obtained  by  puncture,  while  in  icterus  the  fluid  is 
yellowish.  As  a  rule  a  turbid  fluid  points  to  an  acute  meningitis.  Albumin 
may  be  present  and  the  specific  gravity  is  raised  when  acute  inflammation 
of  the  meninges  exists.  Cholin,  a  substance  which  is  derived  from  the 
destruction  of  nerve  tissue,  is  present  in  the  spinal  fluid  in  cases  of  organic 
disease  of  the  nervous  8ystem,  notably  in  paresis,  tabes  dorsalis,  syphilitic 
epilepsy,  dementia  paralytica,  cerebral  abscess,  brain  syphilis,  myeHtis, 
and  spina  bifida. 

Bacteriological  studies  of  the  spinal  fluid  are  most  essential  in  diag- 
nosis.  The  following  are  the  more  important  bacteria  which  have  been 
found  by  lumbar  puncture:  meningococcus,  pneumococcus,  staphylo- 
coccus,  streptococcus,  B.  tuberculosis,  B.  coli  communis,  B.  influenza?,  B. 
malici,  B.  pyogenes  fcetidus. 

Trypano8omes  are  present  in  the  spinal  fluid  in  Afričan  slccping 
sickness. 

Cytological  Ezamination. — The  results  of  cytological  studies  of  the 
cerebrospinal  fluid  fall  in  line  with  those  previously  mentioned.  In  tuber- 
culosis a  high  lymphocyte  count  is  the  rule.  Lymphocyte  preponderance 
has  also  been  noted  in  paresis,  tabcs,  cerebrospinal  syphilis,  syringomyelia, 
cerebral  tumors,  pressure  myeliti8,  in  chronic  and  in  later  stages  of  cere- 
brospinal meningitis,  in  epilepsy,  and  in  sleeping  sickness.  In  acute 
meningitis,  such  as  is  determined  by  the  meningococcus,  staphylococcus, 
streptococcus,  pneumococcus,  B.  typho8Us,  B.  coli  communis,  a  multi- 
nuclear  cellular  predominance  exi8ts. 

Contents  of  Cysts. — Pancreatic  Cysts. — The  evidence  that  the  fluid 
from  an  abdominal  cyst  has  the  property  of  digesting  albumin  in  an 
alkaline  medium  suggests  a  pancreatic  origin.  A  negative  result  does  not 
rule  out  the  po8sibility  of  pancreatic  cyst,  since  trypsin  disappears  in  coUec- 
tions  of  long  standing. 

OvARiAN  Cy8T. — Fluid  of  ovarian  cysts  is  often  pale  yeUow^  %QtCL^\.\\sk^^ 
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reddish  or  dark  brown;  the  specific  gravity  8how8  wide  fluctuation  betweeii 
1.010  to  1.038;  the  consisteiicy  varies  from  a  watery  fluid  to  dense,  viscid, 
"jelly-like"  material. 

Cystic  coUections  of  low  specific  gravity  contain  little  albumin  (serum 
albumin  and  globulin),  while  those  of  high  specific  gravity  have  large 
amounts  of  albumin.  Mucin  is  present  in  coUoid  cysts.  Pseudomucin 
or  metalbumin  also  exists  in  these  cysts. 

Ciliated  cylindrical  epithelial  cells,  squamous  epithelium,  erythroc3rte8, 
fat,  fatty  acid  crystals,  choiesterin  plates,  and  hsematoidin  are  also  noted 
in  the  cysts. 

Htdatid  Cy8T8. — ^They  may  be  recognized  by  the  presence  of  cy^t 
membrane,  scolices,  and  hooklets.  The  fluid  of  these  cysts  is  almost  color- 
less,  of  very  low  specific  gravity,  contains  little  or  no  albumin,  shows  a 
considerable  amount  of  sodium  chloride,  has  a  neutral  or  faintly  acid  reac- 
tion,  and  traces  of  sugar  and  succinic  acid  may  be  present.  Granular  and 
fatty  detritus,  calcareous  fragments,  hsematoidin,  choiesterin  crystal8,  and 
granular  cells  are  frequently  found.  In  the  event  of  suppuration  leuco- 
cytes  appear  in  the  fluid. 

Hydronephr*osis. — ^The  fluid  of  hydronephrosis  does  not  alway8  pre- 
sent features  which  are  diagnostic.  This  applies  especially  to  chronic 
hydronephrosis  with  complete  occlusion  of  the  ureter.  In  acute  cases 
or  those  associated  with  partial  occlusion  of  the  ureter  so  that  the  kidney 
stili  functionates,  the  presence  of  a  high  urea  content  and  uric  acid, 
and  espeeially  when  renal  tube-casts  and  cells  are  found,  renders  the 
diagnosis  a  comparatively  simple  matter. 


IX. 
THE  EXAMINATION  OF  THE  NERVOUS  SYSTEM. 

PRELIMINARY  CONSIDERATIONS. 

The  diagnosis  of  disease  of  the  nervous  system  demands  an  accurate 
knowIedge  of  the  anatomy  and  physiology  of  the  structures  involved  and 
of  the  pathological  processes  to  which  they  are  liable.  It  is  essential 
to  determine  not  only  the  location  but  also  when  possible  the  nature 
of  the  lesion. 

The  nervous  system,  by  which  the  organism  is  brought  into  relation 
with  its  environment  and  by  which  its  functions  are  made  manifest  and 
controlled,  is  essentially  composed  of  morphological  units  having  a  similar 
structure — the  neurons — and  held  together  and  supported  by  a  special 
tissue — the  neuroglia. 

The  Neuron.  —  Each  neuron  consists  of  (a)  a  nucleated  proto- 
plasmic  mass — the  cell-body — which  presides  over  the  nutrition  of  the  neu- 
ron and  is  the  seat  of  origin  of  nervous  impulse,  and  (b)  processes  which 
form  outgrowths  from  the  cell-body  and  constitute  the  elements  along  which 
impulses  are  conveyed.    These  processes  are  of  two  kinds,  (a)  branched 
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protoplasmic  outgrowths,  dendrUes,  which  may  be  multiple  and  form 
arborescent  interlacing  ramifications  with  similar  processes  from  other 
neurons,  and  (b)  the  single  elongated  process,  ozon,  commonly  prolonged 
to  form  the  axi8-cylinder  process. 

The  dendrites,  uneven  in  contonr  and  relatively  thick  as  they  arise 
from  the  ceIl-body,  rapidly  become  more  slender  in  consequence  of  their 
repeated  branching  until  they  terminate  in  delicate  end  branches  with 
terminal  bead-like  thickenings. 

The  azons  are  slender  thread-like  extensions  of  uniform  diameter 
and  variable  length,  sometimes  reaching  only  to  adjacent  neurons,  some- 
times  extending  to  distant  neurons  within  the  cerebrospinal  axis,  as  from 
the  cerebral  cortex  to  the  lower  part  of  the  spinal  cord,  sometimes  beyond 
as  from  the  lower  part  of  the  cord  to  the  muscles  of  the  foot.  The  axons, 
like  the  dendrites,  finally  terminate  in  end  arborizations — tdodendria. 
Most  of  them,  shortly  after  leaving  the  cell-body,  give  off  processes  termed 
coUaterals  which  after  a  variable  course  terminate  in  end  arborizations 
which  interlace  with  the  processes  of  other  and  sometimes  distant  neurons. 
Less  frequently  short  axons  arise  which  are  not  continued  as  axis-cylinders 
but  at  once  terminate  in  complex  branching  end  brushes  within  the  sub- 
stance of  the  gray  matter. 

Histologists  are  not  of  accord  as  to  whether  the  relation  between 
the  neurons  is  that  of  continuity  or  simple  contiguity.  The  weight  of 
opinion  is  at  present  in  favor  of  the  view  that  the  neurons  are  separate 
and  distinct  morphological  units,  their  processes  interlaced  to  form  paths 
of  conduction  but  probably  never  actually  continuous  in  the  anatomical 
sense.  The  axis-cylinders,  usually  supplied  with  a  medullary  sheath,  are 
described  as  nerve-fibres.  Collected  into  bundles  they  form  the  nerve- 
trunks  which  ramify  to  the  various  muscles  and  other  organs. 

DivisioNS  OP  THE  Nervous  Sy8TEM. — Central  Portion. — In  verte- 
brates  there  is  an  axial  accumulation  of  the  cell-bodies  in  the  cerebrospinal 
axis  from  and  to  which  the  processes  pass.  This  includes  the  brain  and 
spinal  cord  and  contains  the  principal  axial  coUections  of  neurons. 

Peripheral  Portion. — This  division  embraces  the  nerve-cells  of  the 
8ensory  ganglia  and  is  chiefly  made  up  of  the  nerve-fibres  which  pass  to 
and  from  the  end  organs. 

SympcLthetic  Nervous  System. — This  division  is  intimately  correlated 
with  the  peripheral  nervous  S3n9tem,  but  possesses  a  certain  degree  of 
ph3n9iological  independence  and  supplies  the  imstriped  muscular  and  the 
glandular  tissues  of  the  body  and  the  muscle  of  the  heart. 

Nerve  Terminations. — The  terminal  end  arborizations  of  the  pe- 
ripheral nerves  constitute  the  mechanism  by  which  the  various  structures 
of  the  body  are  combined  in  consistent  and  harmonious  relation  with  the 
nervous  sy8tem.  Certain  of  these  terminations  transmit  impulses  which 
give  rise  to  muscular  contraction;  others  originate  impulses  which  cause 
various  sensations  of  pain,  temperature,  pressure,  or  the  special  senses. 
The  nerve  terminations  may  therefore  be  divided  according  to  their  func- 
tion  into  motor  and  semon/. 

Motor  Nerve  Endings. — These  include  three  groups:  (a)  The  terminal 
arborisation  of  the  axons  of  neurons  in  the  motor  n\icWv  ol  \.Vv!^  ^^yclv!S  ^^\^ 

21 
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and  brain  stem  that  pass  to  voluntary  muscle;  (b)  those  of  8ympathetic 
neurons  that  pass  to  involuntary  muscle;  (c)  the  muscle  of  the  heart. 
Sen8ory  Nerve  Endinga. — These  are  the  peripheral  terminal  arboriza- 
tions  of  the  neurons,  the  cell-bodies  of  which  are  in  the  spinal  and  other 
sensory  ganglia.  They  therefore  constitute  the  point  of  departure  of  the 
paths  which  conduct  sensory  stimuli  to  the  central  nervous  8ystem. 

The  function  of  the  neuron  is  to  conduct  nervous  impulses.  In  its 
simplest  form  the  nervous  system  consists  of  (a)  the  senson/  neuron, 
which  receives  the  external  stimulus  acting  upon  the  integument  and 
other  sen8ory  surfaces  and  by  means  of  its  process  conducts  it  from  the 
periphery  to  the  cell-body  which  commonly  lies  in  the  cerebrospinal  axis. 
Such  a  process  constitutes  functionally  a  centripetal  or  afferent  fibre. 
The  stimulus  thus  received  is  transmitted  from  the  cell-body  of  the  sensory 

neuron  by  means  of  its  dendrites  which  inter- 
lace  with  those  of  the  associated  cell-body  of 
(b)  a  motor  neuron  to  the  latter,  in  which  a 
responsive  impulse  originates  and  is  couveyed 
along  its  axis-cylinder  process^ — nerve-fibre — 
to  the  muscle-cell  and  causes  contraction. 
The  latter  process  is  therefore  known  as  a 
centrif ugal  or  efferent  fibre.  This  elementary 
conception  of  the  relation  and  fimctions  of 
the  sensory  and  motor  neurons  is  greatly 
modified  by  the  fact  that  the  centripetal 
Fio.  125.— Dii«ram  8howin«  fun-     impulses  are  conveyed  to  the  cell-bodies  of 

dmmeDtal  units of  nervous Bjrstem.    A,  .*^  x  i        •        xi_        •  i*    ^ 

■enM>ry  neuroD,  oonducting  afferent  other  neurons  not  only  m  the  immediate 
^^ry\sy;  B^mv^BciSoa^dmg  neighborhood  but  also  at  different  and  even 
;^!-^S1Sl  ^"^  **'  **~~"  ^'^  '"^     distant  levels.    Neurons  of  the  same  function 

are  usually  grouped  together,  aggregations  of 
cell-bodies  forming  nuclei,  and  coUections  of  the  fibres  forming  bundles, 
tracts,  or  systems.  The  former  are  situated  in  the  gray  matter  of  the 
brain  and  spinal  cord,  the  latter  run  in  the  white  substance  of  the  brain 
and  spinal  cord  and  in  the  peripheral  nerves.  By  this  means  the  various 
parts  of  the  central  nervous  sy8tem  are  connected  with  each  other  and 
with  the  muscles  and  \nscera. 

Many  of  the  tracts  are  highly  complicated  and  obscure  both  as  to  their 
course  and  formation.  Others  are  simpler  and,  as  the  result  of  studies  of 
the  degenerations  caused  by  injury  or  disease,  have  been  traced  in  their 
course  through  the  cerebrospinal  axis.  Chief  among  the  latter  group  is 
the  pyramidal  tract  which  transmits  motor  impulses  from  the  cortex  to 
the  periphery. 

The  Motor  S3rstein. — A  muscular  movement  depends  upon  the  com- 
bined  functional  activity  of  manv  associated  neurons.  It  follow8  that  the 
movements  of  the  various  parts  of  the  bodv  are  represented  in  the  central 
nervous  8ystem  by  localireil  aggregations  of  correlated  neurons,  or  centres. 
Muscular  movements  are  not  onlv  localiied  in  the  motor  areas  of  the 
cerebral  cortex  but  thev  are  also  localiied  in  the  different  leveb  of  the 
rentral  horns  of  the  spinal  cord  and  the  motor  nudei  of  the  oerebral 
derves,     Voluntary  motor  impulses  originating  in  the  eortez  of  the  brain 
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paas  througb  at  least  two  neurons  before  they  reach  the  muscles.     For 
this  reason  tbe  motor  tract  is  divided  into  an  upper  and  a  lower  segment. 

The  Uppeb  Motor  Seg-  ,  ^  ^ 

UENT, —  Clinical  researcbes 
(Hughlings  Jackson),  experi- 
mental  studies  (Hitzig,  Ferrier, 
Horsley  and  others),  and  the 
studies  of  tract  myelination  at 
Progressive  perioda  in  thedevel- 
opment  of  the  cerebrum  by 
Flecbsig,  bave  thrown  much 
light  upon  the  functions  of 
many  of  the  cortical  regiona  of 
tbe  brain  and  the  sensory  and 
motor  tracts.  The  cell-bodies 
of  the  upper  motor  neurons 
are  arranged  in  functionally 
allied  groups  in  the  cerebral 
cort«x  over  the  oscending  fron- 
tal  convolution  and  extending 
deep]y  into  the  fissure  of  Ro- 
lando.  In  this  region  the  move- 
ments  of  the  body  are  definitely 
represented.    It  bas  been  dem- 

onstrated  tbat  motor  impulses  are  excited  by  slimu- 
lation  over  these  areas  in  a  definite  order  from  above 
downward,  aa  follow3:  leg,  trunk,  arm,  neck,  face; 
'  the  areas  for  the  leg,  trunk,  and  arm  covering  the 
upper  balf,  including  the  Rolandic  surface  of  the 
convolution,  and  those  for  tbe  bead  and  face,  tugether 
witb  those  for  the  jawa,  hps,  tongue,  and  larynx,  the 
1ower  half,  likevise  the  aurface  G\tendlng  into  the 
fissure.  The  centre  for  motor  speech  iiea  in  the  left 
third  frontal,  Broca's,  convolution. 

Tbe  axis-cylinder  processes  of  the  upper  motor 
nem-ons  paaa   from  the   gray  matter  of  the   motor 
cortex  into  the  vbite  matter  of  the  brain  and  form 
part  of  the  extenaive  converging  tract  known  as  the 
corona  radiata.    GoUected  into 
a  compact  bundle — the  pyram- 
idal  tract — they  pass  between 
the  basal  ganglia  in  the  internal 
capsule  occupying  tbe  knee  and 
the  anterior  two-thirds  of  the 
posterior  limb.     Tbe  move- 
ments  of  the  oppositeside  of  the 
body  are  represented  at  this 


Fig.  ISe.— I>i»mun  of  molor  palh  (rom  right  ooHei. 
L'pp«  Kement  blaeli;  lover  mi.  A  deslniclivclajon  it  1 
cauHS  upDer  KKmenl  pml^nis  o[  tha  irm  nt  Ihg  opponM 
«i(ls;  kt  2  appn  •egmeni  panJyBis  of  the  opninil«  uide — 
henuDJcEiK;  st  3  upper  HcmeDt  unlvain  ol  liie  fm,  ■rm. 
■Drt  le«  ol  the  apH»iu>  tide  and  Iow(r  Krgrnenl  p>ralyt.i>  u( 
the  eye  mufclee  of  the  aKme  side — cmened  parBl/Bi»;  at  4 

■na  lDwer  segment  panL^niii  nf  ihe  fa«  and  eilrmal  rrcttiA 
of  Ihe  name  rude — cniMeii  paral jiin-  al  5  upper  ■eimirnl  paril- 
Viu  of  ali  mUKlea  beIow  Jmion  nnd  lower  miDent  paral  vtinot 

. .  -.   ■ .__      ^^i^„lp.^^^.^;  „ 

iGehuchtcn  modiSvd. 


— anterior  poliomyeUlii. 

]ffvd  from  before  backward  in  the  foI1owing  order:   eyes,  head,  tongue, 
mouth;  aboulder,  elbow,  wnst,  fingers,  thumb;  trunk;  hip,  aokle,  knee,  toes. 
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Emerging  from  the  intemal  capsule  the  fibrea  of  the  pjrramidal  (cor- 
ticoapinal)  tract  paas  into  the  crua.    At  thia  point  some  of  them  leave  the 


Fia.  127.— Di«gr«i 

tract  and  crossing  the  middle  line  end  in  arboriz&tions  among  the  ganglion 
cells  in  the  nuclcus  of  the  third  nerve  upon  the  opposite  side,  and  at  succes- 
Eive  levels  fibres  are  given  otF  which 
terminate  in  the  nuclei  of  aH  the  motor 
cerebral  nervea  of  the  opposite  side, 
while  a  limited  number  of  fibrea  are 
distributed  to  the  corresponding  nuclei 
of  the  same  side.  From  the  crus  the 
pyraiiiidal  tract  entera  the  pons  and 
passes  to  the  meduUa  oblongata  form- 
ing  ita  anterior  area — the  py7amid. 
At  the  lower  limit  of  the  medulla, 
after  the  fibres  to  the  nuclei  of  the 
cerebral  nerves  have  been  given  off, 
five  to  seven  coarse  strands  pasa 
obliquely  acroas  the  anterior  median 
fissure,  interlacing  with  similar  strands 
from  the  opposite  side  and  thus 
constituting  the  decussation  of  the 
pyramids.  In  C0D8equence  of  this 
arrangemeut  the  greater  number  of 
the  fibres  of  the  important  motM* 
paths  pass  to  the  opposite  sides  to  reach  the  lateral  columna  of  the  oord  in 
which  they  descend  aa  the  lateral  or  crossed  pyramidal  traot«.  The  fiUes 
that  remain  upon  the  same  side  as  the  pyramid  from  whioh  tbejr  s 
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are  coUected  in  its  lateral  portion  and  descend  in  the  ventral  columns  bjs 
the  direct  pyraroidal  tracts  or  Turck'8  columns.  At  every  level  of  the 
spina!  cord  axi8-cyliDder  processes  emerge  from  the  croased  pyraimdal 
tract  to  enter  the  ventral  horns  and  end  in  arborizstiona  about  the  cell- 
bodiea  of  the  lower  motor  neurons.  In  čonsequence  of  thia  arrangement 
the  tract  diminishes  in  size  es  it  descends  in  the  cord.  In  a  8omewhat 
similar  manner  the  fibres  of  the  direct  pyramidal  tract  cross  at  different 
levels  in  the  ventral  white  commiseure  and  end  in  arborizatioiie  about  cell- 
bodies  in  the  ventral  horns  on  the  opposite  side.  The  direct  pyramidal 
tract  also  diminisheB  in  size  as  it  descends  and  commonly  ends  about  the 
middle  of  the  thoracic  portion  of  the  cord. 

Motor  impulses  originating  in  the  right 
cerebral  cortex  cause  muscul&r  contractiona 
upon  the  left  side  of  the  body,  while  those 
starting  from  the  left  side  of  the  brain 
cause  contrsction  of  the  musclea  upon  the 
right  side  of  the  body.  As  a  rule,  to  which 
there  are  few  exceptions,  the  motor  paths 
are  crossed  chiefly  at  the  decussation  of  the 
pyramid8  and  to  a  less  extent  at  different 
levela  of  the  cord  by  fibres  given  off  from 
the  direct  pyramida]  tracta  to  the  cell- 
bodies  of  the  opposite  side.  This  crossing  in 
eitber  čase  is  in  the  upper  motor  segment. 

The  Lower  Motor  Segment. — The 
cell-bodies  and  processes  of  the  neurons  of 
the  lower  motor  segment  lie  in  the  nuclei 
of  the  cerebral  motor  nerves  and  in  the 
various  levels  of  the  ventral  horns  of  the 
spin  al  cord.  The  axi8-cy]inder  processes 
of  the  neurons  of  this  segment  leave  the 
spinal  cord  in  the  ventral  roots  and  pass 
in  the  peripheral  nerves  to  the  muscles  of 
the  body,  in  which  they  end  in  brush-Uke 
arborizations  in  the  motor  end  platea. 
Tbese  neurons,  in  contradistinction  from 
the  neurons  of  the  upper  motor  segment,  ivhich  are  crossed,  are  direct, 
that  is,  the  cell-bodies,  their  protoplasmic  processes,  and  the  muscles  to 
which  their  axis-cylinders  are  distributed  are  upon  the  same  side  of  the  body. 

The  Segments  of  the  Sfijjal  Cord. — The  spinal  nerves  are  con- 
nected  with  the  lateral  aurfaces  of  the  cord  by  fan-shaped  bundles  of  an- 
terior  and  posterior  roots  which  are  coiiected  into  compnct  strands  as  they 
are  assembled  to  form  a  common  trunk,  That  portion  of  the  cord  to  which 
the  root  fibres  of  a  spinal  nerve  are  attached  constitutes  its  cord  segment, 
the  limita  of  which  correspond  to  the  interval  which  separatea  the  extreme 
fibres  of  the  ncrve  and  those  of  the  adjacent  nerves.  The  spinal  cord  ia 
thus  seen  to  consist  of  a  series  of  segments,  each  of  which  gives  origin  to 
tbe  anterior  or  motor  and  receives  the  posterior  or  sensory  root  fibres  of 
one  pair  of  spinal  nerves.    These  nerves,  commonIy  numbering  thirty-onn 
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pairs,  are  eight  cervical,  twelTe 
thoracic,  five  lumbar,  Sve  sacral, 
and  one  coccygea].  In  the  cervi- 
cal  region  ali  the  nerve-roots  but 
the  eighth  emerge  above  the  ver> 
tebra,  while  throughout  the 
thoracic,  lumbar,  and  sacral  re- 
giona  the  roots  for  each  segment 
of  the  cord  leave  the  spinal  cand 
below  the  vertebra  of  correspond- 
ing  number.  Owing  to  the  fact 
that  the  vertebral  column  in- 
creases  in  length  to  a  greater 
exteQt  than  the  cord,  there  ia 
a  progreasive  di8parity  f ro  m 
above  downwards  between  the 
cord  segmenta  and  their  respec- 
tive  vertebne.  In  point  of  fact 
the  segment  corresponds  to  the 
nerve  which  ia  connected  with 
it,  and  not  to  the  level  of  the 
vertebra  opposite  to  it.  The 
position  of  a  lesion  involving  a 
particular  spinal  segment  is 
therefore,  except  in  the  upper 
cervical  region,  some  distance 
above  the  vertebra  of  corre- 
eponding  number.  Ziehen  has 
formulated  the  following  rule 
to  determine  the  le  vela  of  origin 
of  the  cervical  snd  thoracic 
nerve-roots:  For  the  cervical 
nervea  aubtract  one  from  the 
number  of  the  nerve,  and  the 
remainder  will  indicate  the  corre- 
aponding  spinous  procesa;  for  the 
upper  thoracic  nervea  (I-V)  aub- 
tract two;  for  the  lower  thoracic 
nerves  (V-XII)  aubtract  three. 
Axis-cylinder  proceases  from  more 
than  one  aegment  of  the  cord 
may  enter  into  the  formation  of 
a  peripheral  nerve  and  the  greater 
number  of  the  long  striped  mua- 
cles  are  suppHed  with  nerve-fibres 
from  more  than  one  segment. 

The  cutaneoua  distribution 
of  the  peripheral  nerves  has 
beea  accurately  worked  out  and 


EXAMINATION  OF  THE  NERVOUS  SYSTEM. 


327 


Is  of  diagnostic  value  in  lesions  of  the  main  trunks  and  their  ramifi- 
cations.  The  segmental  areas  which  correspond  to  the  dorsal  roots, 
though  lesa  definitely  determined,  are  suf&ciently  known  to  be  of  great 
service  in  the  segmental  localization  of  lesions  of  the  dorsal  roots  and 
the  cord.«  These  skin-fields  or  dermatomes  have  been  mapped  out  as 

Tai  LOCALIZATIOir  of  THI  FUNCTIONS  IH  THI  SBGMENTB  of  THI  SPINAL  Ck3BD. 

Baaed  upon  the  studlea  of  Starr.  Edinger,  Wuhmann,  and  otben. 


Segment 


I.  n.  and  m 
Cenrlcal 

IV  Cenrlcal . . 


VCervlcal ... 


VI  Cenrlcal .. 


VII  Cenrlcal.. 


Vm  Cenrlcal 

I  Thoracic  . . . 

ntoXnTho- 
racic 


I  Lombar  . . . . 

II  Lombar  . . . 

III  Lombar.. 

IV  Lombar.. 

V  Lombar  . . . 

ItoIIBacral. 
mtoVSacral 


Muscles. 


Reflez. 


Splenlufl  capltis,  trapesloa,  hjrold  moacles.  dlaphngm  (C.  III- 
V),  stemomastoid,  levator  scapulse  (C.  III- V) 

Traperios,  scalenl  (C.  IV-T.  I),  rhomboid,  dlaphragm,  teres 
minor,  levator  scapol«,  supraspinatus 

Dlaphragm,  rhombold,  biceps,  suplnator  brerlB  (C.  V-VII). 
terea  minor,  subecapolaris,  brachialls  antlcus.  pectoralia 
(clavicolar part),  supra-  and  infraspinatns  (C.  V- VI),  deltoid, 
Boplnator  longus  (C.  V-VII ),  serratus  magnuB 

Teres  mlnor  and  major,  biceps,  supinator  brevis,  coraco-brach- 
lalls,  estenaora  of  wrlst  (C. Vl-VllI),  infraspinatus,  b  achialLs 
antlcos,  pectoralls  (clavlcular  part),  pmnator  teres,  deltoid. 
supinator  longus,  serratus  magnua  (C.  V-VIU),  triceps  (outer 
and  long  besuds) 

Teres  major,  pectoralls  malor  (costal  part),  pronators  of  wri8t. 
flerors  of  wrist,  subscapularis,  pectoralls  minor,  triceps,  latis- 
simusdorsi  (C.  VI- VII I),  deltoid  (posterior  part),  serratus 
magnus,  ertensors  of  wri8t  and  flngers 

Pectoralls  major  (oostal  part),  latisslmus,  pronator  quadratu8, 
radial  lombricales  and  interossei,  flerors  of  wrist  and  flngers 

Lumbricales  and  interossei,  thenar  and  hjrpothenar  eminences 
(C.  VII-T.  I) 

Moacles  of  back  and  abdomen,  rectusabdominis  (T.  V-T.  XII ). 
transversalis  (T.  VlI-L.  I),  erectores  spinse  (T.  I-L.  V),  ex- 
temal  obliaue  (T.  V-XII),  intercostals  (T.  I-T.  XII),  intemal 
obllque  (T.  VII-L,  I) 

Lower  part  of  extemal  and  intemal  obllque  and  transTersalis, 
peoas  major  and  mlnor  (7),  quadratU8  lumborum  (L.  l-Il), 
cremaster 

Psnas  major  and  mlnor,  nartorius  (lowerpart),  iliacus,  flexors 
of  knee  ( Remak) ,  pectineus,  adauctor  longus  and  brevis 

Sartorius  (lower  part).  inner  rotatoraof  thlgh,  addoctora  of 
thigh,  abductonof  thlgh,  quadricep8  femoris  (L.  II-L.  IV) 

Flexora  of  knee  (Ferrier),  abductors  of  thigh,  quadriccps 
femoris,  exiensor8  of  anicle  (tiblalls  antlcus),  adductors  of 
thigh,  glutel  (medlus  and  mlnor) 

Flexora  of  knee  (hamstring  muscles)  (L.  IV-S.  II),  flexore 
of  ankle  (gastrocnemius  and  soleus)  (L.  IV-8.  II).  outward 
rotators  of  thlgh,  extensore  of  toes  (L.  IV-8.  I),  glutei, 
peroosei 

Flexora  of  ankle  (L.  V-S.  II),  Intrinsic  muscles  of  foot,  long 
flexor  of  toes  (L.  V-S.  II),  peronsei 

Perineal  muscles,  levator  and  sphlncter  ani  (S.  I-III) 


Dlaphragmatic. 

Dilatation  of  the  pupil  (C. 
IV-VU). 

Scapnlar  (C.  V-T.  I),  supi- 
nator longus  (C.  v),  and 
biceps  (C.  V-Vl). 

Triceps  and  posterior  wrist 
(C.VI-VIII). 


Scapulohumeral   and  ante- 
riorwri8t<C.VII-VIII). 


Palmar(C.  VII-T.  I). 


Eplgastric  (T.  IV-VII),  ab- 
domlnal  (T.  VII-XII). 


Cremasteric  (L.  I-III). 


Patellar  tendon  (L.  II-I V). 
Gluteal  (L.  IV-V). 


Foot  reflez  (S.  I-II),  plantar 
(S.  II-III). 

Vesical  (L.  IV-V)  and  anal 
(S.  I-III). 


the  result  of  observations  by  Henry  Head  in  the  distribution  of  the 
cutaneous  lesions  of  herpes  zoster  and  the  areas  of  referred  pain  and  tender- 
ness  corresponding  to  certain  visceral  lesions,  and  in  cases  of  gross  lesions 
of  the  cord  by  Starr,  Kocher  and  others;  as  the  result  of  studies  of  anaes- 
thesia  under  similar  conditions;  and  of  morphological  investigations,  ana- 
tomical  dissections,  and  experimental  physiological  researches.  The  skin 
areas  upon  the  trunk  form  irregularly  parallel  zones,  somewhat  horizontal 
in  the  erect  posture,  and  even  more  irregularly  distributed  eloiv%iaAj^\x%K\s^ 
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ui>on  the  extremitie8.  The  technic  consists  in  the  use  of  a  blunt  instru- 
ment, aa  the  head  of  an  ordinary  toilet  pin,  in  determining  the  presence  of 
areas  of  abnormal  senaation  and  defining  their  boundaries. 

The  5ensory  Systeni. — The 
path  for  Ben8ory  condiiction  is 
much  more  compUcated  than 
that  for  motor  conduction  and 
is  composed  of  three  or  more 
associated  neurons,  one  above 
the  otber.  The  cell-bodiea  of 
Ihe  lowest  neurooB  are  situated 
in  the  gangUa  of  the  aenaorjr 
cerebral  nerves  and  the  ganglia 
of  the  dorsal  roots  of  the  spina! 
nerves.  The  latter  ganglia  cells 
hiive  a  Bingle  proceas  which,  after 
leaving  the  cell-body,  undergoes 
a  T-shaped  divieion,  one  portion 
being  the  peripherally  directed 
procesa  or  dendrite  (BenBory 
nerve)  which  conducts  impulses 
frora  the  integument,  mu- 
cous  membranes,  musclee, 
tendons,  and  joints  of 
parts  of  the  body  with 
which  it  may  be  related; 
the  other  the  axon  or  azis- 
cylinder  process  whiGb 
enters  the  spinal  cord  by  way  of  the 
posterior  root  fibre  and  conveys  the 
various  inipulses  to  the  central  nervouB 
system  to  be  transformed  into  Bensationa 
of  temperature,  touch,  muscle-sense,  and 
pftin.  The  larger  number  of  the  sen- 
S(jry  neurona  lie  outside  of  the  spinal 
cord.  Tlie  portiona  of  those  nrurons 
within  the  cord  constitute  the  patra  of 
8ensory  conduction,  which  become  more 
intricate  ua  the  various  tracts  approach 
the  brain.  Upon  entering  the  cord  the 
axons  of  the  8ensory  neurons  of  the  firet 
orilor  (livide  into  an  ascending  and  a 
iU'-ii'ciiiliiig  branch  which  run  in  the 
dorsal  faaciculi.  The  short  descending 
branch,  after  giving  off  a  number  of 
collaterals.  terminates  in  the  gray  matter  of  the  cord.  The  ascending  branch 
is  of  variable  length.  It  may  soon  terminate  in  the  gray  matter  or  may  reach 
to  the  nuciei  of  the  medulla.  The  lower  8en8ory  neuron  does  not  croas  the 
m/ddie  line.    Tbe  cell-bodiea  about  which  the  axis-cvlinder3  of  the  neurons 
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of  the  first  order  and  their  collaterals  end  are  the  seQSory  neurons  of  the 
second  order.  The  axis-cylinder  proces^es  of  many  of  those  cells  cross  to 
the  opposite  side  of  the  cord  and  run  in  the  ventrolateral  ascending  column 
of  Gower8  and  the  ground  bundles.  The  lemniscus  is  probably  the  principal 
8ensory  tract  in  the  medulla^  pons,  and  cerebral  peduncles.  The  fibres  are 
not,  however,  continued  directly  to  the  cerebral  cortex  but  terminate  about 
oells  in  the  ventrolateral  portion  of  the  optic  thalamus,  from  which  polnt 
the  path  of  sensory  conduction  is  continued  by  a  higher  order  of  neurons, 
the  processes  of  which  terminate  in  the  postcentral  and  parietal  convolu- 
tions  of  the  cortex.  Other  but  less  direct  sensory  pathis  lie  in  series  oi 
neurons  in  the  gray  matter  of  the  cord  and  in  the  direct  cerebellar  tract 
and  the  tract  of  Gowers,  and  pass  onward  through  the  cerebellum.  Some 
of  the  axis-cylinder  processes  of  the  sensory  neurons  of  the  first  order  and 
their  collaterals  terminate  in  arborizations  about  the  cell-bodies  of  the 
lower  motor  neurons  and  thus  complete  the  path  for  reflexes. 

It  is  probable  that  the  conduction  paths  for  cutaneous  sensory 
impulses  reach  the  opposite  side  soon  after  entering  the  cord,  and 
that  the  paths  for  muscular  sense  lie  upon  the  same  side  of  the  cord 
in  the  tracts  of  Goli,  crossing  by  Way  of  the  axons  of  the  second  order 
in  the  meduUa. 

Fibre  Tracts  of  the  White  Matter  of  the  Cord. — Of  these  there  are 
three  sets:  (1)  Those  which  enter  the  cord  from  the  periphery,  viscera, 
and  other  parts  of  the  body;  (2)  those  which  enter  it  from  the  brain;  (3) 
those  which  have  their  origin  in  the  cell-bodies  of  the  neurons  which  lie 
within  the  cord.  The  fibres  which  arise  from  the  same  group  of  nerve- 
cells  or  nucleus  have  the  same  function  and  a  similar  destination  and 
proceed  together  in  the  same  course,  thus  constituting  a  tract,  column, 
or  fasciculus.  Some  of  these  fibres  are  the  pathways  for  the  transmission 
of  impulses  from  lower  to  higher  levels,  and  the  strands  which  these  form 
constitute  ascending  tracts,  while  others  which  convey  impulses  from  above 
downward  enter  into  the  formation  of  descending  tracts.  These  tracts  are 
not  sharply  defined,  nor  do  their  boundaries  and  areas,  since  they  are  sub- 
ject  to  increase  and  diminution  by  the  continual  accession  or  departure 
of  nerve-fibres,  remain  the  same  at  different  levels  of  the  cord.  In  fact 
the  borders  of  those  tracts  often  overlap.  Their  anatomical  dififerentiation 
has  been  accomplished  partly  by  the  study  of  degenerative  processes  caused 
by  experimental  methods — Wallerian  degeneration — and  partly  by  re- 
searches  in  myelination  at  progressive  periods  of  development — embryo- 
iogical  method.  Pathologically  they  are  differentiated  in  a  corresponding 
manner  by  the  degenerations  which  follow  traumatism  of  the  cord  and  the 
definite  and  constant  reaction  of  certain  tracts  to  pathogenic  influences 
as  in  tabes  and  other  diseases. 

Relation  of  Diseases  of  the  Cord  to  Lesions  of  the  Fibre  Tracts. — In 
tabes  and  Friedreich's  ataxia  the  posterior  columns  are  principally  in- 
volved;  in  combined  sclerosis  the  posterior  columns  and  lateral  pyrami(lal 
tracts;  in  lateral  sclerosis  the  lateral  pyramidal  tracts;  in  amyotrophic 
lateral  sclerosis  the  lateral  pyramidal  tracts  and  the  anterior  horns, 
and  in  anterior  poliomyelitis  and  progressive  muscular  atrophy  the 
anterior  horns. 
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Sensory  Araas  ol  the  Cerebral  Cortex. — The  cortical  representation 
of  Bensory  stimuli  is  less  definite  than  that  of  motion.  It  lies  posterior  to 
the  fissure  of  Rolando  and  is  exten8ively  distributed  over  the  post-ceotral 
and  parietal  convolutions. 


I.  Goll-l  or  pulem-int«! 
9f,»«y  mklter  ofKini  of  in 

II.  Burdacbi  ar  posunlšuni  column— fucieulua  cuneatua.  Trrmiiviliim, — Nudeiu  cunHttu  ib 
tbe  meduUa;  Clsrk's  column.  Colblcnili  lo  neumni  af  poaMrinr  horn.  The  rool  Rbna  pmmuc  to  Clarfi 
odluion  tmvvnb  the  Eniddle  and  mnliui  part  of  thia  tr^ct.     Funciion. — Tactile  impuleee  frKm  oppouJtt 

tli.  Liesuer'*  tTHt  or  marKinsl  »ne.  Thie  tuciculiu  ia  (itakled  Immedialelr  dorml  to  the  inotr 
nde  of  tbejmeterior  hom,  GompoKd  of  some  of  the  moneiieroal  root  libcM  whieh  do  dM  enter  Bunlaclii 
column.  Fibni  of  amall  giie  aod  ihort  courae.  Ther  penetiale  tbe  subatanlim  Rokndi  knd  end  in  arboii- 
Bliona  about  lU  nll>  and  tboM  or  ths  caput  comu. 

IV.  Direct  cenbellar  tract— fudculiu  «nbelk«plnali>.  rrnnJ<uih'on.-~AHendinc  path  of  tbe  ■mod 
probablv  in^uenoe  roiunlenance  o[  equilibrium.  '  »oei«.  » 

V.  Gonrrv^fl  traet — fa«ciculufl  anteroUteraliii  mjperiiDialia.  TtrminaJiim. — SefjAorv  pathiray  of  mbodJ 
ordf  r  eonriectinE  oord  wilh  ter^bi-llum  and  prtibablv  wilh  eeRbrum.  Fibns  are  chieS^  uou  ol  Deunni 
inllie  poflUriur  hom,  parti/ upon  the  HarneAnd  panTv  upon  (he  oppoeite  iLde.  Boundan«!  not  *ell  defined. 
funciion.— The  convevanoe  of  ■ennorj'  impul«« — taelile  pain  and  lempeiatuie — from  opponta  lida  by 

VI.  Lsleral  ar  erourd  pyramidal  trael— fisdculiu  ocnbrajplnald  Uteialu.     TtrminalioH. — Fibiea 

levth  of  oord,  undencoiic  daeuMation  at  lover  part  ol  medullaT   FuiKiian. — Coavey»Dee  of  motor  impulica 

Vil.  Lcleral  ground  bundle — (ascieulus  latrralia  protirius.  Tcnninafiaiu.—Compoailion  Teiy  om- 
pleK-  Loni  iteiieendinE  path-<;  one  lonfC  a^cending  elrmnd  juid  many  sbort  atrmnda  both  awiii1ini  and 
deseending.    Fvnriiont. — Both  n?'**'^'  ••"^  "n-"«'     rv^-n-^r-   k.»  t........  ^f  ;>.  i^'-  i  ■*-!  -—«—*:— 


thoee  in  UU(la  ol  p< 

m:  !V,V.Vl.a«lVlIlb 
IT  eoluma  of  tba  oord. 


The  Cortical  Areas  for  the  Special  Senses. — The  iodividual  sensor^ 
paths  terminate  in  circumscribed  regions  which  are  as  a  rule  indeljr  removed 
Irom  one  another.  As  mapped  out  by  inyelination  these  areaa  coirespond 
to  reffooB  of  tbe  cortex  which  patV\o\o^cti  V«avQi\a  U«.v«  ahawn  to  be  r  ' 
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to  tbe  various  special  forms  of  sensation.  According  to  Flechsig  olfactory 
fibres  end  mainly  in  the  uncinate  g3Tus;  visual  fibres  have  been  traced  to 
tbe  occipital  lobe  in  the  region  of  tbe  calcarine  fissure,  while  auditory  fibres 
run  to  tbe  temporal  lobe. 

It  is  in  accordance  witb  tbese  observations  tbat  tbe  cuneus  and  cal- 
carine fissure  togetber  constitute  tbe  primary  or  lower  cortical  visual 
centre  in  wbicb  are  represented  tbe  opposite  visual  balf  fields,  wbile  tbe 
outer  surface  of  tbe  occipital  lobe  contains  centres  for  bigber  visual  proc- 
esses  in  wbicb  tbe  vision  of  tbe  eye  of  tbe  opposite  side  is  represented. 
Mind  blindness  results  from  a  destructive  lesion  of  tbe  lateral  lobe  in  tbe 
left  bemispbere  if  botb  occipital  lobes  are  involved.  A  lesion  of  tbe  cuneo- 
calcarine  cortex  results  in  lateral  bomonymous  bemianopsia.  Tbe  centre 
for  memory  of  tbe  meaning  of  printed  words,  letters,  figures,  and  objects 
seen  is  probably  in  tb^  left  angular  gjrus.  A  destructive  lesion  in  tbis 
area  is  attended  by  inability  to  read  or  comprebend  written  language 
altbougb  ordinary  vision  is  not  impaired.  Tbis  area  is  known  as  tbe  visual 
apeecb  centre.  Tbe  auditory  centre  is  in  tbe  upper  temporal  convolution 
and  transverse  temporal  gyri  and  it  is  in  tbis  region  upon  tbe  left  side  tbat 
tbe  memories  of  tbe  meaning  of  beard  words  and  sounds  are  stored.  A 
special  centre  for  musical  memories  lies  anterior  to  the  auditory  centre. 
It  is  probable  that  the  centre  of  each  side  is  connected  with  botb  auditory 
nerves.  The  olfactory  centre  probably  comprises  a  portion  of  the  base 
of  tbe  frontal  lobe  and  tbe  uncinate  gyrus.  The  gustatory  centre  bas 
been  tbougbt  to  be  in  the  anterior  portion  of  the  gyrus  fornicatus  near 
tbe  centre  for  smeli.  Our  knowledge  in  regard  to  tbese  two  centres  is 
not  definite. 

Tbe  centres  for  tbe  "  bigber  psychical  functions''  are  generally  assumed 
to  lie  in  tbe  prefrontal  lobes,  particularly  upon  the  left  side.  Extensive 
unilateral  lesions  of  the  anterior  portion  of  the  frontal  lobe  may  be  present 
without  causing  marked  symptoms  of  any  kind.  Atrophy  of  tbis  portion 
of  the  brain  is  often  marked  in  various  forms  of  dementia. 

Symptoms  due  to  derangements  of  the  motor  tracts  constitute  tbe 
most  important  group  of  localizing  phenomena.  They  are  objective  on 
tbe  one  hand  and  are  upon  the  other  caused  by  lesions  of  conduction  patbs 
tbat  are  comparatively  well  understood.  Lesions  involving  the  motor 
patb  are  irritative  or  destructive.  The  greater  number  of  the  lesions  of 
the  motor  cortex  are  at  the  same  ti  me  destructive  and  irritative.  They 
destroy  the  nerve-cells  and  their  processes  in  a  particular  centre  and  by 
their  presence  and  advance  stimulate  those  of  adjacent  centres  into  morbid 
or  disordered  activity.  The  clinical  manifestation  of  a  destructive  lesion 
of  a  motor  centre  is  loss  of  function — paralysis;  that  of  an  irritative  lesion 
abnormal  muscular  contraction.  Important  differences  in  the  paralysis 
or  abnormal  contraction  are  dependent  upon  the  position  of  the  lesion  as 
regards  tbe  motor  segments.  Tbese  differences  are  due  first  to  anatomical 
relations  and  second  to  secondary  degenerations. 

Tbe  cortical  motor  centres  are  more  or  less  widely  separated  from  one 
anotber^  and  a  circumscribed  destructive  lesion  of  tbe  motor  area  may 
tberefore  give  rise  to  a  limited  paralvsis  involving  a  limb  or  a  group  of 
muscles  in  a  limb — cerebral  monoplegia.     As  tVve  wd«r^^\\tAft\  \rc^^5R«6w^ 
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converge  to  form  tbe  pyramidal  tract  in  the  internal  capsule,  a  lesion  of 
limited  extent  causes  paralysis  of  most  of  the  muscles  upon  the  opposite 
side  of  the  body — hemiplegia.  A  lesion  in  the  p3rramidal  tract  as  it 
descends,  giving  ofiF  fibres  to  the  motor  nuclei  at  various  levels,  causes 
paralysis  of  the  muscles  having  their  spinal  centres  below  the  seat  of  the 
lesion.  It  follows  from  the  decussation  of  the  pyramids  that  when  tbe 
lesion  is  above  the  crossing  the  paralysis  is  upon  the  opposite  side  of  the 
bodyy  and  when  it  is  below  it^  upon  the  same  side. 

The  cell-body  and  particularly  its  nucieus  maintain  the  nutrition  of 
ali  parts  of  the  neuron.  If  the  cell-body  be  destroyed  its  processes  undergo 
degeneration,  or  if  any  process  be  separated  from  its  cell-body  it  likewi8e 
undergoes  degenerative  changes  throughout  its  whole  extent — 8econdary 
degeneration.  Degeneration  of  the  axons  of  the  upper  motor  segment 
ceases,  however,  at  the  lower  motor  segment.  Tl^e  muscles  are  paraly2ed 
but  do  not  undergo  degenerative  atrophy;  they  are  spastic;  their  reflexes 
are  exaggerated  and  they  do  not  show  qualitative  changes  in  their 
electrical  reactions. 

In  complete  transverse  lesion  of  the  cord-^complete  spinal  para- 
plegia — the  muscles  upon  both  sides  are  paralyzed  below  the  lesion,  but 
they  are  flaccid;  the  deep  reflexes  are  abolished;  the  muscles  undergo 
rapid  atrophy  with  loss  of  faradic  excitability. 

Irritative  lesions  of  the  upper  motor  segment  involving  the  motor 
cortex  give  rise  to  the  convulsive  phenomena  known  as  cortical  or  Jack- 
Bonian  epilepsy.  , 

Destructive  lesions  of  the  lower  motor  segment  cause  degeneration 
alike  of  the  axis-cylinder  processes  in  the  peripheral  nerves  and  of  the 
muscle-fibres  with  which  they  are  connected.  The  anatomical  distribution 
of  the  cell-bodies  of  the  segment  gives  rise  to  special  peculiarities  in  the 
distribution  of  the  paralysis  which  are  strongly  in  contrast  to  that  result- 
ing  from  lesions  of  the  upper  motor  segment  and  which  have  important 
bearings  upon  the  localization  of  the  lesion.  These  cell-bodies  are  col- 
lected  in  groups  or  nuclei  from  the  peduncles  of  the  brain  throughout 
the  entire  extent  of  the  spinal  cord  and  send  axis-cylinder  processes  to  ali 
the  muscles  of  the  body.  Certain  groups  of  the  neurons  which  make  up 
the  lower  segment  are  therefore  widely  separated,  and  a  circumscribed 
lesion  may  result  in  paralysis  of  a  limited  number  of  muscles  or  a  group 
of  muscles  instead  of  one-half  of  the  body  as  in  upper  segment  paralysis — 
hemiplegia.  A  lesion  causing  lower  segment  paralysis  may  be  situated 
either  in  the  cord  or  in  the  peripheral  nerve.  If  in  the  cord  or  its  nerve- 
roots  the  paralyzed  muscles  are  not  supplied  by  a  single  nerve  but  are 
represented  in  adjacent  cord  segments  and  the  accompanying  sensory 
derangements  involve  the  skin  fields  related  to  those  segments;  if  on  the 
contrary  the  lesion  is  in  the  nerve,  the  paralyzed  muscles  and  the  anaes- 
thetic  area  are  those  supplied  by  that  particular  nerve  and  its  branches. 
The  neurons  of  the  lower  motor  segment  maintain  not  only  the  nutrition 
of  their  axis-cylinder  processes  which  make  up  the  peripheral  nerves  but 
also  that  of  the  muscle-fibres  in  which  their  processes  terminate.  The 
degeneration  which  results  from  injury  of  the  cell-bodies  or  their  processes 
involves  the  muscles  to  which  they  are  distributed.    In  lower  motor  segment 
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paraljTsis  the  affected  muscles  are  the  seat  of  degenerative  atrophy, 
manifest  in  diminished  tension,  abolition  of  their  reflexes  and  reaction  of 
degeneration — flaccid  paralysis. 

Irritative  lesions  of  the  lower  motor  segment  cause  fibrillary  con- 
tractions  which  may  be  due  to  stimulation  either  of  the  cell-bodies  or  of 
their  axi8-cylinder  process  in  the  peripheral  nerves;  or  they  may  give  rise 
to  spasmodic  contractions  when  the  lesion  affects  the  motor  nerve-roots 
as  they  emerge  from  the  cord. 

Symptoms  due  to  derangements  of  sensory  paths  are  of  far  less  local- 
izing  value  than  motor  symptoms.  This  is  partly  due  to  the  greater  com- 
plexity  of  the  sensory  tracts,  partly  to  less  exact  knowledge  concerning 
them.  If  sensory  symptoms  are  limited  to  the  distribution  of  a  peripheral 
nerve  it  is  evident  that  the  lesion  is  in  the  nerve-trunk  or  its  branches; 
if  restricted  to  the  fields  corresponding  to  one  or  more  spinal  segments 
the  cord  is  at  fault;  if  they  chiefly  affect  one  side  of  the  body,  the  brain. 
The  nature  of  the  sensory  phenomena  has  little  value.  Intense  pain,  for 
example,  may  be  symptomatic  of  peripheral  nerve  disease  as  in  some 
forms  of  neuritis,  or  of  a  degenerative  process  within  the  cerebrospinal 
axis  as  in  tabes. 

Irritative  lesions  cause  disordered  subjective  sensations  of  heat,  cold, 
formication,  and  the  like — the  parsesthesias — and  pain  of  every  variety  as 
to  kind  and  degree. 

Destructive  lesions,  if  they  completely  interrupt  the  8ensory  path, 
wholly  abolish  sensation  in  the  parts  of  the  body  involved.  A  lesion  of  a 
peripheral  sensory  neuron  in  the  course  of  the  nerve  gives  rise  to  anses- 
thesia  in  the  area  of  distribution  of  the  nerve;  a  complete  transverse  lesion 
of  the  spinal  cord  gives  rise  to  total  loss  of  sensation  of  ali  parts  below  its 
level.  Destructive  lesions  of  the  central  nervous  system  do  not  however 
usually  interrupt  ali  the  sensory  conduction  paths,  and  sensation  may  not 
be  wholly  abolished  even  in  extensive  disease.  Sensation  may  be  diminished 
or  lost  in  aH  its  phases  as  in  complete  transverse  lesions  of  the  cord,  or  there 
may  be  dissociation  sensory  paralysis  as  in  certain  diseases  of  the  cord  in 
which  pain-sense  and  temperature-sense  are  abolished  while  tactile  sensa- 
tion remains  unimpaired,  or  in  some  lesions  of  the  cerebral  cortex  in  whicb 
there  may  be  a  loss  of  the  muscular  sense  and  astereognosis — the  loss  of 
the  ability  to  recognize  an  object  placed  in  the  hand — while  other  phases 
of  sensation  are  fully  preserved. 

EXAMINATION   OF   THE   PATIENT. 

The  Anamnesls. — An  accurate  history  of  the  čase  is  of  the  highest 
importance  in  disease  of  the  nervous  sy8tem.  This  must  include  in 
many  cases  the  facts  relating  to  the  antecedents  of  the  patient,  which 
bear  up6n  hereditary  predisposition,  as  the  occurrence  of  nervous  or 
mental  disease  in  the  parents,  children,  or  collateral  members  of  his  fam- 
ily.  Peculiarities,  idiosyncrasies,  and  psychoses  are  especially  to  be 
ascertained,  often  a  matter  of  no  little  difficulty.  A  history  of  gout, 
alcoholism,  or  syphilis  in  a  parent,  when  it  can  be  obtained,  may  give 
the  key  to  the  situation. 
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The  investigation  of  the  personal  history  must  bear  upon  any  pre- 
vious  serious  illness  and  its  nature,  whether  nervous  or  not,  and  especiallj 
whether  or  not  such  an  illness  was  of  a  similar  nature  to  that  from  which 
the  patient  is  suffering. 

It  may  be  necessary  to  follow  in  our  investigation  a  chronological 
order,  ascertaining  whether  or  not  nervous  8ymptoms  have  occurred  in 
infancy  and  childhood,  such  as  convulsions,  enuresis,  night  terrors.  The 
period  of  school  life  is  to  be  studied  in  obscure  cases.  The  neurasthenic 
may  have  been  bright  and  successful  at  school,  but  shy,  retiring,  and  not 
disposed  to  make  friends;  the  sufferer  from  petit  mdLj  sometimes  confused 
and  forgetful;  the  hysterical  girl,  especially  at  puberty,  nervous  and  emo- 
tional.  The  occupation  is  next  to  be  considered.  Is  it  one  that  involves 
continuous  monotony,  mental  strain,  extreme  responsibility?  Have  there 
been  prolonged  or  cumulative  depressing  emotions,  disappointment,  fear, 
sorrow,  or  grief?  Wounds  and  injuries,  alcoholism,  and  abnormal  sexual 
matters,  especially  syphilis,  are  of  etiological  importance  in  many  neuro- 
logical  cases.  Severe  infectious  processes,  particulariy  enteric  fever,  may 
have  been  the  point  of  departure  for  visceral  and  vascular  changes  which 
after  a  time  manifest  themselves  in  the  guise  of  nervous  disease.  Of  special 
importance  are  such  maladies  in  their  relation  to  postinfective  psycho8es 
and  neurasthenia.  The  part  played  by  obscure  toxsemias  due  to  chronic 
gastro-intestinal  or  other  visceral  diseases  in  the  etiology  of  certain  spinal 
cord  degenerations  is  not  to  be  disregarded.  Notwithstanding  the  number 
of  points  to  be  considered  the  value  of  the  history  cannot  be  measured  by 
its  length.  On  the  contrary  it  is  most  important  to  briefly  record  only  the 
facts  which  are  pertinent  and  significant. 

Status  Praesens. — While  investigation  on  every  side  is  necessary  for 
a  fuU  understanding  of  many  nervous  cases,  yet  there  are  certain  special 
paths  of  approach  which  experience  has  taught  us  lead  most  directly  to  a 
diagnosis  in  the  average  čase;  in  other  words  certain  distinctly  neuro- 
logiccU  methods  of  investigation.  These  methods  may  be  grouped  according 
to  the  character  of  the  symptoms  and  signs  that  each  brings  into  view, 
the  most  important  being,  (1)  motor  and  (2)  sensory  symptoms;  (3)  cere- 
bral  symptoms,  of  which,  on  account  of  comprehensive  and  special  char- 
acters,  (4)  aphasia  requires  separate  consideration;  (5)  spinal  symptoms 
in  so  far  as  they  connect  segments  of  the  cord  with  particular  regions  of 
the  body;  (6)  the  reflexes;  (7)  electrical  phenomena;  (8)  trophic  disturb- 
ances;    (9)  pain  and  temperature;    (10)  muscular  sense. 

1.  Motor  Symptoms. 

Paralysis. — Motor  paralysis  signifies  impairment  of  some  portion  of 
the  motor  pathway.  When  partial  it  is  to  be  distinguished  from  akinesia, 
common  in  states  of  mental  stupor,  and  from  incoordination,  often  mis- 
taken  by  the  patient  and  his  friends  for  true  weakness.  The  practical 
tests  for  muscular  weakness  consist,  for  the  hand  and  forearm,  in  estimat- 
ing  the  patient's  "  grip''  as  he  squeezes  the  hand  of  the  examiner,  e6peciaUy 
in  comparing  the  grip  of  an  affected  hand  witb  the  other,  which  may  be 
norma)  or  lesa  affected.    Of  mechanical  devices  the  dynamometer  of  Math- 
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ieu  is  most  commoiily  used.  "the  power  of  arms  and  legs  is  tested  by  having 
the  patient  make  various  movements  while  the  examiner,  grasping  the 
part,  offers  resistance. 

A  general  surmise  as  to  the  location  of  the  lesion  (cerebral  or  spinal) 
causing  the  impairment  of  the  motor  path  is  made  by  observing  whether 
the  affected  part  is  flaccid  or  spastic.  Flaccidity  nearly  always  denotes 
a  lesion  of  lower  motor  neurons  (ganglion  cells  of  ventral  gray  horns, 
peripheral  nerves  with  their  terminals)  as  seen  in  poIiomyelitis  and  neu- 
ritis,  while  spasticity  signifies  a  lesion  of  central  or  upper  motor  neurons 
(cell-bodies  of  motor  cortex,  fibre  tracts  through  subcortex,  internal  cap- 
sule,  pons,  meduUa,  ventral  and  lateral  pyramidal  tracts  of  spinal  cord),  as 
in  old  brain  hemorrhage. 

A  notable  exception  to  this  broad  rule  is  that  in  lesion  of  the  spinal 
cord,  complete  or  nearly  complete  transversely,  especially  one  high  up  in 
the  cord,  the  effect  is  as  if  ali  motor  neurons  below  it  were  destroyed, 
i.e.,  there  is  total  flaccid  paralysis  below  the  level  of  the  lesion.  The  expla- 
nations  of  this  phenomenon  are  numerous  but  unsatisfactory.  Another 
exception  to  this  rule  is  readily  correlated  with  it  by  bearing  in  mind 
that  the  superior  motor  neurons  of  the  pyramidal  tract  are  not  wholly 
cerebral  but  have  a  spinal  portion  which  is  mostly  contained  in  the 
lateral  tract;  hence  it  follows  that  a  spinal  palsy  is  spastic  if  the  lateral 
tracts  are  involved. 

To  decide  whether  a  member  be  flaccid  or  spastic,  aH  the  patient's 
active  movements,  including  gait,  are  to  be  studied,  as  well  as  various 
passive  motions  which  may  suggest  themselves  to  the  examiner.  His 
opinion  will  be  rather  one  of  judgment  than  of  definite  methods. 

MoNOPLEGiA  is  a  paralysis  restricted  to  one  member,  whether  this  be 
disabled  entirely  or  only  in  one  group  of  muscles.  Hemiplegia,  or  paraly- 
sis  of  one  side  of  the  body,  is  nearly  always  due  to  a  brain  lesion,  and, 
when  so,  the  upper  face  will  be  found  unaffected  or  slightly  affected, 
except  in  recent  cases  where  the  paralysis  in  the  upper  distribution  of  the 
facial  nerve  may  be  very  distinct  for  a  time.  The  slight  implication  of 
the  upper  face  is  characteristic  of  a  long-standing  cerebral  hemiplegia. 
DiPLEGiA — double  hemiplegia — occurs  particularly  in  childhood.  Para- 
PLEGiA  is  a  symmetrical  paralysis  involving  the  upper  or  lower  limbs,  but 
when  the  term  is  used  without  qualification  it  refers  to  paraly8is  of  the 
lower  limbs.  The  term  brachial  paraplegia  is  employed  to  členote  paralysis 
of  the  upper  limbs;  crural  jaraplegia  that  of  the  lower.  It  is  generally 
a  spinal  palsy. 

Contracture.  —  In  paralysis  of  long  duration  contractures  appear 
which  are  generally  characteristic.  Those  which  arise  in  spastic  paralyses 
depend  upon  shortening  of  the  paralyzed  muscles,  the  stronger  muscles 
contracting  more  than  the  weaker,  and  produce  such  postures  of  the  limbs 
as  are  seen  in  hemiplegia  (flexion  of  elbow,  wrist  and  fingers,  adduction  of 
arm  to  chest,  extension  of  the  leg  on  the  thigh,  adduction  of  the  knees, 
exten8ion  of  the  foot  and  inversion  with  plantar  flexion  of  toes).  According 
to  some  investigators  the  contractures  of  cerebral  hemiplegia  are  the  result 
of  the  greater  paralysis  in  certain  groups  of  muscles.  The  contractures 
in  flaccid  paralyses  depend  upon  the  unbalanced  action  o{  Wi^  ^Y^^'ivcv% 
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sound  muscles,  as  seen  in  the  acceentuated  wi4st-drop  and  foot-drop  of  (Ad 
peripheral  neuritis,  or  depend  upon  the  contraction  of  the  paralyzed 
muscles  themselves. 

Convulsions  and  spasm   (see  Part  III,  p.  604). 

Jacksonian  epilepsy   (see  p.  605). 

Athetosis  or  mobile  spasm  consists  of  irregular  writhing  movements, 
especially  of  the  fingers  but  also  of  the  arms  and  other  parts.  It  is  ahnost 
pathognomonic  of  the  cerebral  palsies  of  ehildhood,  in  which  affections  the 
symptom  may  mislead  by  being  more  prominent  than  the  hemiplegia  or 
diplegia  which  underlies  it.  Occurring  in  adult  hemiplegies  these  movements 
are  sometimes  called  posthemiplegic  chorea,  but  are  less  prominent  than  the 
\veaknass  and  rigidity  of  the  limb.  Athetosis  is  usually  aggravated  by  volun- 
tary  movements,  as  when  the  patient  attempts  to  piok  up  a  small  object 

Tremor   (see  p.  608). 

Fibrillary  tremor  or  librillary  twitchins:  (see  p.  609). 

Tics. — Twitching  simultaneous  o  ver  a  large  area,  inducing  a  purposive 
movement  at  intervals  and  habitually,  is  called  a  *'tic."  It  is  not  a  sign 
of  any  known  lesion  but  is  functional  (a  neurosis). 

Ataxla. — In  the  course  of  in vestigation  of  motor  signs  the  examiner  mav 
observe  irregularity  and  uncertainty  in  various  acts  which  require  a  degree 
of  precision.  Ataxia  results  from  inharmonious  action  of  muscle-groupa 
even  when  disorder  of  motility,  either  excess  or  deficiency,  is  not  present. 

The  defect  is  largely  in  the  muscular  sense,  which  is  discusaed  in  its 
relation  to  astereognosis.  Yet  the  practical  tests  for  the  symptom  are 
motor.  In  the  arm  ataxia  is  discovered  by  directing  the  patient  to  close 
his  eyes  and  then  with  his  index  finger  to  toueh  the  tip  of  his  noše,  or  to 
meet  the  tip  of  the  other  index  finger  in  sweeping  the  arms  around  hori- 
zontaJly  in  front;  in  the  leg,  by  having  him  attempt  to  toueh  one  knee 
with  the  heel  of  the  other  foot.  If  there  be  considerable  ataxia  the  patient 
touches  wide  of  the  mark.  Ataxia  of  the  legs  is  better  revealed  in  the 
patient^s  manner  of  walking,  whieh  is  considered  in  conneetion  with  other 
disorders  of  gait. 

2.  Sensory  Symptoms. 

Studies  of  sensation  involve  a  subjective  element  which  makes  them 
at  best  uncertain.  Scientific  methods  aim  to  diminish  this  uncertainty 
by  magnifying  the  objective  element  through  the  use  of  technical  pro- 
cedures  which  render  the  examiner  less  dependent  upon  the  patient^s 
statements.  In  children,  and  in  stuporous  and  demented  patients,  the 
objective  element  alone  is  considered — a  start,  a  vocal  sound,  or  the  with- 
drawal  of  a  member  when  the  patient  is  touched,  pricked,  etc. 

Paraesthesia. — "  Numbness  and  tingling/'  "  pins  and  needles,"  "crawl- 
ing  sensations*' — formication — and  burning  sensations  are  symptoms  of 
sensory  irritation.  They  are  prominent  in  neuritis,  and  in  spinai  diseasea 
which  implicate  the  posterior  nerve-roots  (see  also  p.  598). 

Delayed  Sensation. — Recognition  of  any  artificiai  sensation  is,  for 
the  purposes  of  the  clinician,  instantaneous;  if  an  interval  oceurs  between 
the  application  of  a  stimulus  and  the  patienfs  responso  to  it,  we  speak  o£ 
^delajred  sensation/'  which  is  common  e8pecially  in  tabes  dorsalia 
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Pain. — Pain  is  a  prominent  symptoin  of  many  nervous  diseases. 

The  objective  study  of  sensation  comprises  the  testing  of  the  senses  of 
touch — common  sensibility — of  pain,  and  of  temperature.  The  muscular 
sense  is  of  interest  clinically  in  relation  to  astereognosis,  and  also  in  relation 
to  ataxia  of  movement,  which  may  arise  from  defect  of  the  muscular  sense. 

In  testing  the  sense  of  touch  it  is  well  to  blindfold  the  patient,  to  take 
čare  that  the  surface  examined  shall  not  be  chilled  by  expo8ure,  and  to 
touch  the  part  with  light  pressure  and  without  causing  pain.  The  instru- 
ment most  commonly  used  for  this  purpose  is  Carroirs  aesthesiometer, 
but  a  tooth-pick  or  a  feather  will  serve.  The  patient  is  directed  to  say 
"now^'  when  the  touch  is  felt;  or  to  count  successive  touches  a  short 
distance  apart,  "one,  two,  three,"  etc,  and  the  failure  to  note  one  or  more 
touches  will  mark  the  boundary  of  an  area  of  anaesthesia.  Sensibility  to 
touch  is  more  acute  on  the  back  than  on  the  front  of  the  body.  Loss  of 
tactile  sensibility,  either  total — anasthesia — or  partial — hyp(Fsthesia — may 
be  functional  and  a  sign  of  hysteria,  in  which  čase  it  commonly  aflfects 
half  the  body — hysterical  hemi anaesthesia — or  a  segment  of  one  limb,  or 
ali  of  oneextremity  up  to  a  certain  level — **glove-anjBsthesia"  and  "stock- 
ing-ana?sthesia;''  or  anaesthesia  and  hvpaesthesia  mav  constitut«  a  sign  of 
organic  nervous  disease  which  is  destructive  in  character  or  is  at  an  ad- 
vanced  stage.  In  the  čase  of  hemihypaesthesia  or  hemiahaesthesia,  the 
hemorrhage  or  other  destructive  lesion  mav  be  in  the  posterior  part  of  the 
internal  capsule — where  according  to  some  anatomists  sensory  fibres  are 
collected  into  a  bundle  (carrefour  sensitif)  — in  the  tegmentum  of  the  pons, 
or  in  the  spinal  cord,  provided  one  lateral  half  of  the  pons  or  cord  be  severed. 
In  any  of  the  cases  mentioned  the  lesion  is  situated  on  the  side  opposite  to 
that  of  the  anaesthesia. 

In  testing  the  pain  sense,  a  needle-point  or  one  of  the  sharp  points 
of  the  aesthesiometer  is  employed,  and  the  skin  is  "pricked,"  not  seored, 
with  the  instrument.  Remind  the  patient  that  actual  pain,  not  the  mere 
sense  of  being  touched,  is  to  call  forth  his  response;  or  instruct  him  to  say 
"  touch,''  or  "  pain,"  according  as  the  one  or  the  other  sensation  is  excited 
by  the  sharp  point. 

The  temperature  sense  is  well  studied  by  the  use  of  two  test-tubes  of 
water,  one  heated  to  about  100°  F.  or  above,  the  other  cooled  to  60°  F.  or 
lower,  the  tubes  being  applied  alternately,  and  each  being  held  in  contact 
with  the  skin-surface  for  several  moments,  since  recognition  of  heat  or  of 
cold  is  commonly  less  prompt  than  that  of  touch  and  of  pain.  The  heat 
of  the  one  tube  should  not  be  sufficient  to  burn,  as  that  would  introduce 
the  factor  of  pain;  vet  practically  this  distinction  is  of  little  consequence, 
because  the  thermic  sense  and  the  pain  sense,  being  conducted  in  adjacent 
tracts  of  the  cord,  are  commonlv  abolished  together.  Ordinarily  when 
tactile  anaesthesia  has  been  demonstrated  in  a  certain  area,  we  may  expect 
to  find  thermo-anaesthesia  and  aiialgesia  associated  \vith  it.  But  the  con- 
verse  of  this  does  not  always  hold  true;  for  over  surfaces  which  betray  no 
tactile  antesthesia,  or  at  most  only  hvpa^sthesia.  we  mav  find  areas  of  anal- 
gesia  and  themio-ana^stliesia.  ThLs  is  that  dissociated  sensorv  loss  which 
is  most  common  in  syrin^omyelia,  thoujrh  other  lesions  of  the  central  part 
of  the  gray  matter  of  the  cord  may  cause  the  phenomenou. 

22 
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3.  Regional  Diag:nosis  of  Cerebral  Disease. 


General  Sym|ytoms. — The  general  symptoms  of  intracranial  disease- 


vomiting,  headache,  and  optic  neuritis — have  little  value  in  cerebral  locali- 
zation.  Headache  is  more  likely  to  be  frontal  in  lesions  of  the  fore-brain 
and  occipital  in  those  in  or  about  the  cerebellum,  but  this  is  not  constant. 
Dense  tumors  of  some  size,  well  above  the  base  of  the  skull,  may  jield  a 
8hadow  on  the  X-ray  plate. 

Predominant  mental  8ymptoms  are  suggestive  of  lesion  of  the  pre- 
frontal  lobes,  particularly  the  left;  but  it  must  be  remembered  that  aiter 
head  injuries  delirium,  confusion,  or  stupor  may  ensue  from  shock,  with- 
out  reference  to  8everity  or  site  of  the  trauma,  and  moreover  that  demon- 
strable  brain  lesions  are  comparatively  rare  causes  of  insanity. 

Paralysis. — Of  motor  signs  indicating  lesion  of  the  precentral  con- 
volution,  anterior  to  the  fissure  of  Rolando,  paralysis  has  the  greatest 
localizing  value.  Paralyses  in  the  distribution  of  cranial  nerves.  especially 
of  several,  commonly  indicate  lesion  at  the  base  of  the  brain.  If  a  single 
cranial  nerve  is  implicated,  the  lesion  is  probably  outside  of  the  central 
nervous  system;  if  one  arm  or  leg  is  paralyzed,  a  cortical  lesion  should  be 
Buspected,  and  this  is  rendered  probable  if  the  paralyzed  part  is  the  seat 
of  clonic  spasm.  Paralysis  of  the  face  indicates  lesion  in  the  lower  third  of 
the  Rolandic  cortex;  paralysis  of  an  arm  or  leg,  lesion  of  the  middle  or 
upper  third  respectively. 

Astereognosis. — Pure  motor  phenomena  point  to  a  lesion  anterior  to 
the  fissure  of  Rolando;  if  the  lesion  be  posterior  to  this  fissure  (postcentral) 
the  motor  signs  are  likelv  to  be  associated  with  the  phenomenon  called 
astereognosis,  which  becomes  more  prominent  as  the  parietal  lobe  is  en- 
croached  upon.  By  study  of  the  "  stereognostic  sense"  which  is  the  ph^^sio- 
logic  process  by  which  solid  objects  are  recognized  by  contact,  neurologic 
diagnosis  has  made  a  distinct  advance.  Astereognosis,  or  want  of  this 
sense,  may  be  diagnostic  of  lesion  of  the  superior  parietal  lobule.  To  test 
ior  this  phenomenon  it  is  well  to  study  separately  the  several  processes  by 
which  normally  the  hand  recognizes  the  shape  and  size  of  objects,  especially 
the  "spacing  sense,"  the  sense  of  position,  and  the  pressure  sense,  the 
last  two  of  which  are  the  chief  components  of  the  muscular  sense. 

The  ••spaclng  sense"  is  tested  by  touching  the  skin  at  two  points 
simultaneously,  as  with  the  two  arms  of  the  aesthesiometer,  and  observing 
how  near  together  they  may  be  while  stili  recognized  as  two  points.  The 
examiner  compares  his  results  with  those  obtained  in  a  normal  subject. 

The  sense  of  position  is  studied  by  asking  the  patient  (blindfolded)  to 
teli  where  his  hand  or  foot  is,  after  the  examiner  has  quietly  placed  it  in 
a  particular  attitude,  or  to  imitate  with  one  limb  an  attitude  given  to  the 
other  by  the  examiner. 

The  pressure  sense  is  tested  by  blindfolding  the  patient,  placing  his 
hand  supine  upon  a  table,  and  laying  in  his  palm,  one  after  another, 
small  objects  identical  save  in  their  weight,  which  is  graded  in  a  series. 
For  this  purpose  cartridges  filled  with  layers  of  cotton  and  regulated 
numbers  of  buckshot  may  be  used.  The  main  test,  whieh  reveab 
astereognosis  directly  if  it  be  at  ali  pronounced,  consists  in   h&nding 
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the  patient  various  common  objects, — watch,  spool,  block  of  wood,  pen- 
knife, — each  of  which  he  essays  to  name  or  to  describe. 

Deafness,  in  the  absence  of  disease  of  the  external,  midcile  or  interna! 
ear,  may  be  due  to  lesion  of  the  first  or  second  temporal  convolution, 
particularly  that  of  the  left  side. 

Blindness  without  demonstrable  cause  in  the  eye  may  be  due  to  lesion 
anywhere  in  the  course  of  the  optic  nerves,  tracts  or  "radiations^'  as  far 
as  the  cunei  lobes,  which  face  one  another  across  the  great  longitudinal 
fissure  in  the  occipital  lobe.  Unilateral  blindness  of  both  eye8  and  in  the 
same  side  of  each  eye  (lateral  homonymous  hemianopsia)  indicates  that 
the  lesion  is  unilateral,  that  it  is  back  of  the  optic  chiasm  and  is  on  the 
side  opposite  to  that  on  which  the  patient^s  vision  has  failed — that  is,  on 
the  same  side  as  the  blind  half-retina.  To  determine  how  far  back  of  the 
chiasm  such  a  lesion  is  we  must  rely  on  signs  and  symptoms  arising  from 
involvement  of  contiguous  structures,  especially  (in  lesions  at  the  base  of 
the  brain)  the  cranial  nerves,  which  are  spared  in  lesion  of  the  optic  radia- 
tions,  or  of  the  cuneus — subcortical  or  cortical  lesions.  A  theoretically 
positive  means  of  distinguishing  basal  from  cortical  lesions  causing  hemi- 
anopsia is  Wernicke's  pupillart-inaction  sign,  which  consists  in  the 
absence  of  the  light  reflex  of  the  iris  when  only  the  blind  half  of  the  retina 
is  illuminated.  The  finding  of  this  condition  points  to  a  basal  lesion, 
i.e.,  at  or  below  the  optic  thalamus  and  external  geniculate  body,  for  con- 
traction  of  the  iris  is  a  function  of  the  third  nerve,  and  no  part  of  this 
nerve  extends  above  the  "primary  optic  centres,  ^'  which  are  at  the  base 
of  the  brain. 

Partial  loss  of  vision f  not  accounted  for  by  eye  disease,  may  be  due 
to  lesion  of  the  angular  gyrus,  visual  acuity — macular  vision — being  im- 
paired;  or  it  may  be  due  to  lesion  in  front  of  the  optic  chiasm,  in  the 
angle  between  the  optic  nerves,  where  by  interfering  with  the  internal 
fibres  of  each  nerve  it  causes  blindness  of  each  inner  (nasal)  half-retina,  a 
condition  called  (from  the  blind  half-fields)  temporal  hemianopsia,  which 
is  pathognomonic  of  lesion  in  the  situation  described. 

Syinptoins  of  Cerebellar  Disease. — The  cerebellum  is  to  the  clinician 
chiefly  an  organ  of  coordination,  and  this  function  resides  mainly  in  the 
middle  lobe.  The  cardinal  signs  of  cerebellar  disease  are  nystagmus  and 
a  peculiar  ataxia  which  gives  a  staggering  character,  or  tiiuhationj  to  the 
patient's  gait.  This  ataxia  disappears  when  the  patient  lies  down,  and 
the  knee-jerks  are  often  preserved.  Neoplasms  beneath  the  middle  lobe 
of  the  cerebellum  are  likely  to  cause  this  form  of  ataxia  together  with 
external  ocular  palsies  from  pressure  upon  the  nuclei  of  the  third  and  fourth 
nerves  beneath  the  quadrigeminal  bodies.  A  tumor  arising  from  these 
bodies  can  hardly  be  distinguished  from  cerebellar  tumor  implicating 
the  vermis. 

The  Internal  Capsule. — Of  the  great  interior  structures  of  the  brain 
only  the  posterior  limb  of  the  internal  capsule  has  functions  so  definite  that 
certain  symptoms  may  be  referred  to  it.  Sudden  hemiplegia,  with  hemi- 
anssthesia  and  hemianopsia,  is  generally  indicative  of  lesion  in  the  internal 
capsule,  since  this  complex  of  symptoms  from  cortical  or  even  subcortical 
lesion  could  be  induced  only  by  uncommonly  eKtwv«iN^  A^\i\^'S|^»    '^V^ 
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8ymptoms  referable  to  single  minute  destructive  foci  in  the  posterior  limb 
of  the  capsule,  from  the  "knee"  backwards,  are,  so  far  as  is  known,  (1) 
paralysis  of  the  face  from  above  downwArds,  (2)  of  the  arm  and  (3)  of  the 
leg,  aiso  from  above  downwards,  (4)  ansesthesia  of  vai^ing  extent  up  to 
hemianaesthesia,  which  probably  indicates  destruetion  of  the  posterior 
third  of  the  posterior  limb,  (5)  hemianopsia. 

Cerebral  Oanglia. — Of  the  great  cerebral  ganglia  none  has  an  independ- 
ent  8ymptomatology.  Lesions  affecting  the  corpus  striatum  cause  pre- 
dominant  motor  signs  because  of  pressure  upon  the  motor  bundles  of  the 
capsule,  while  affections  of  the  optic  thalamus  commonly  cause  hemi- 
anaesthesia  from  pressure  upon  the  posterior  fibres  of  the  capsule — 
carrefour  sensitif — or  destruetion  of  sensory  fibres  within  the  thalamus 
and  often  hemianopsia  from  involvement  of  the  optic  radiations,  which  are 
coUected  into  a  bundle  posterior  to  the  capsule  and  enter  the  optic  thala- 
mus. Mobile  spasm  or  athetosis,  associated  with  these  paral^^ses,  is  in 
favor  of  thalamic  lesion.  Weakness  of  the  articulatory  muscles  resembling 
bulbar  paralysis,  but  not  due  to  lesion  of  the  medulla  oblongata,  is  called 
pseudobulbar  paralysis.  It  is  most  often  due  to  multiple  hemorrhages  or 
softening  in  the  outer  part  of  the  lenticula. 

Lesions  of  the  corpus  callosum  are  revealed  by  disturbance  of  the 
functions  of  surrounding  parts,  notably  of  the  motor  zone, — as  shown  by 
early  epileptic  seizures,  by  paralyses,  and  symptoms  referable  to  the  pre- 
frontal  region.  From  the  latter  arise  the  pseudoparetic  mental  states 
which  are  characteristic  of  callosal  lesion. 

4.  Aphasia  and  Other  Defects  of  Speech. 

Though  endowed  with  a  normal  brain,  the  individual  bom  deaf  and 
blind  beconies  an  imbecile  by  deprivation  of  the  sense-impressions  out  of 
which  knowledge  grows,  unless  he  be  trained  like  Laura  Bridgman  through 
the  touch-sense.  The  cochlea,  the  retina,  etc,  begin  the  transformation, 
from  mere  contact  \^ith  the  external  world,  into  the  higher  special  sense- 
impresisions.  These,  carried  by  their  separate  paths  to  the  cortex,  are 
elaborated  in  the  special-sense  centres  into  perceptions  of  things.  Roughly 
speaking,  each  cortical  centre  is  opposite  the  organ  of  that  sense.  Taking 
one  sense,  vision,  rays  of  light  from  an  object,  for  example  a  cow,  received 
by  the  retina  are  carried  through  the  visual  sy8tem  to  the  cuneus  as  sensa- 
tions  of  form,  color,  etc.  Thence  passing  stili  higher,  in  the  angular  gyru8 
is  formed  a  visual  image  of  a  cow — object-seeing — and  this  is  associated 
with  an  image  of  the  word  cow  written  or  printed — word-seeing.  Lesion 
of  angular  gyrus  then  does  not  cause  ordinary  blindness — as  lesion  of  the 
cuneus  cloes  in  one  half-field — but  loss  of  these  visual  images,  so  that  the 
patient  seeing  a  cow  can  hardly  teli  it  from  a  horse — object  mind-blind- 
ness;  and  seeing  the  word  cow  fails  to  get  the  meaning  from  it,  as  if  it  were 
a  foreign  word — word-blindness.  In  like  manner,  close  to  the  .auditory 
centre  is  a  higher  centre  for  the  formation  of  auditorv  images,  by  which  a 
peculiar  sound  is  identified,  for  example,  as  the  low-ing  of  a  cow — object- 
hearing— and  by  which  the  spoken  word  cow  is  recognized  as  the  name  of 
tbat  animal — word-hearing.     With  a  lesion  then  in  the  first  temporal 
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convolution,  sparing  the  main  aucIitory  centre,  so  that  the  patient  is  stili 
capable  of  hearing  noises,  there  may  be  loss  of  these  auditory  images  with 
consequent  object-deafness  and  word-deafness;  sounds  and  words  heard 
are  meaningless. 

To  speak  of  a  cow  it  is  nece8sary  to  recall  the  word  cow.  Many  persons 
are  likely  to  recall  a  word  as  it  sounds;  some  as  it  appears  written;  but 
most  revive  it  in  both  ways,  so  that  impairment  of  either  the  auditory  or 
the  visual  word-image  interfering  with  the  recollection  of  words  causes 
aphasia,  in  the  one  čase,  from  lesion  of  the  angular  gyrus — visual  or  optic 
aphasia;  in  the  other,  from  lesion  of  the  first  temporal  convolution — audi- 
tory  aphasia.  In  either  čase  due  to  a  lesion  of  a  sensory  centre  it  is  spoken 
of  as  sensory  aphasia;  and  because  the  essential  defect  is  inability  to  recol- 
lect  words  (verbal  amnesia)  both  are  included  under  the  term  amnesic 
aphasia.  The  act  of  speaking  involves  several  groups  of  muscles,  and  is 
interfered  with,  therefore,  in  various  forms  of  paralysis.  In  bulbar  paraly- 
sis,  the  lips,  tongue,  etc,  becoming  atrophied  and  paretic,  there  is  defect 
of  articulation,  incidentally;  and  in  the  similar  paralysis  from  cerebral 
lesion  (pseudobulbar  paralysis)  the  patient  may  be  inarticulate.  In  like 
manner  lesion  in  the  cortical  centres  for  the  lips,  tongue,  etc,  at  the  foot 
of  the  motor  zone,  cripples  the  speech  j  ust  as  lesion  in  the  leg  centre  causes 
limping;  so  here  on  the  emissive  side  of  the  speech-process  there  is  set 
apart  a  higher  centre  for  the  fine  adjustment  of  movements  in  uttering 
words,  and  for  the  memory  of  these  movements.  This  is  Broca^s  centre, 
in  the  posterior  part  of  the  third  frontal  convolution.  By  lesion  here,  the 
muscles  of  articulation  stili  intact,  the  patient  loses  his  motor  memories 
and  his  power  to  utter  word8.    This  is  motor  aphasia — or  aphemia. 

Parallel  to  these  defects  of  articulation  are  defects  in  the  act  of  writing 
which  has  its  higher  centre  in  the  second  frontal  convolution,  related  to 
the  arm  centre  as  Broca's  is  to  the  centres  for  the  tongue,  lips,  etc.  Lesion 
in  the  writing  centre  causes  motor  agraphia,  even  though  the  arm  be  stili 
useful  otherwise.  In  lesion  of  the  angular  gyrus,  as  the  appearance  of  words 
is  forgotten,  \vriting  is  imperfect;  there  is  sensory  agraphia.  In  reading 
aloud,  the  image  of  the  printed  word  must  \>c  conducted  from  the  angular 
gyrus  to  Broca*s  centre,  there  to  be  matched  with  the  motor  image  used  in 
uttering  the  \vord;  and  the  utterance  must  be  guided,  too,  by  the  auditory 
image  conducted  from  its  centre.  For  this  purpose  Broca^s  centre  is  con- 
nected  with  the  others  by  tracts  of  fibres  which  being  damaged,  particu- 
larly  in  the  insula — island  of  Reil,  there  is  interference  with  the  conduction 
referred  to,  and  hence,  with  reading  aloud  and  with  similar  ušes  of  speech, 
conduction-aphasia.  For  perfect  speech  ali  the  centres  must  act  in  unison 
through  conduction-paths  connecting  each  centre  with  the  rest,  and  con- 
sidering  such  multiple  connections  it  is  evident  that  aphasia  of  some  kind 
may  result  from  lesion  at  any  point  within  a  wide  area.  This  "  zone  of 
language''  is  nearly  coextensive  with  the  distribution  of  the  middle  cere- 
bral artery,  and  aphasia  is  generally  a  consequence  of  apoplexy  from  this 
vessel,  commonly  in  association  \vith  hemiplegia.  This  same  region,  acting 
as  a  unit,  forms  a  complete  image  not  alone  of  the  word  but  of  the  object 
also,  as  it  looks,  sounds,  feels,  smells,  tastes — in  short,  a  concept  of  the 
object;  so  that  this  is  a  concept  area  (Mills). 
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Aphasia  being  a  curtailment  of  the  power  to  comprehend  as  well  as 
of  the  power  to  emit  language,  spoken,  written  or  by  signs — pantomime — 
čare  and  system  in  testing  for  it  are  very  important.  '^Impediments"  of 
speech,  mechanical  imperfections  of  the  vocal  organs,  are  first  to  be  elimi- 
nated  by  examination  of  the  mouth,  throat,  and  nasal  cavities.  In  cleft 
palate,  hypertrophic  rhinitis,  and  in  tongue-tie,  the  diflBciilty  is  mainly  in 
the  enunciation  of  consonants,  such  as  m,  n,  b,  etc. 

Dvsarthrias,  from  paralysis  or  defective  innervation  of  the  musclea 
of  articulation,  are  to  be  recognized  partlv  by  finding  additional  signs  of 
cerebral  paralysis  or  other  organic  nervous  disease,  and  partly  by  special 
characters  of  the  speech  in  certain  affections.  Somewhat  suggesting 
mechanical  impediment  is  the  speech  of  bulbar  paralysis,  marked  as  it  is 
by  labored  pronunciation  of  consonant-sounds. 

Elision  of  syllables  by  running  words  together,  may  be  observed  in 
hereditary  ataxia,  in  which  disease  speech  is  at  the  same  time  monotonous. 
These  two  characters  belong  also  to  the  speech  of  general  paresis,  forming 
with  the  difficulty  of  enunciating  the  r'8  and  Ts,  as  in  "artillery/'  and  with 
its  tremulous,  measured  drawl,  the  peculiar  "paretic  speech*'  which  is 
one  of  the  cardinal  signs  of  this  disease.  The  measured  character  of  such 
speech  exists  in  purer  form — scanning — in  disseminated  sclerosis. 

Ordinary  stuttering  is  a  pure  neurosis.  It  manifests  itself  by  spas- 
modic  halting  in  attempts  to  utter  certain  words,  usually  those  beginning 
with  consonants. 

In  dififerentiating  aphasia  from  other  speech  defects  the  greatest 
difficulty  arises  in  the  čase  of  actual  mental  loss — dementia — which  indeed 
may  coincide  with  aphasia,  as  in  hemiplegia  and  senility,  or  may  have 
aphasia  for  an  episodic  manifestation,  as  in  paresis. 

The  stubborn  speechlessness  frequently  met  with  in  paranoia  and 
melancholia  is  nearly  always  accompanied  by  other  signs  of  negativism, 
as  refusal  of  food  and  resistance  to  the  attentions  of  the  nurse.  Hysterica! 
aphasia  is  intermittent  and  its  victim  exhibits  the  stigmata  of  the  neurosis. 

In  testing  an  apparent  aphasic  it  is  well  to  begin  on  the  sensor>'  side,  as- 
cert  aining  whether  the  centres  for  word-hearing  and  word-seeing  are  impaired. 
A  number  of  common  objects  may  be  placed  before  the  patient  who  endeav- 
ors  to  pick  out  those  named  in  turn  by  the  examiner  and  then  to  select  from 
a  list  of  nanies  on  paper,  that  of  the  object  selected  by  the  examiner. 

As  the  purpose  is  to  determine  the  clearness  of  word-images,  these 
simple  tests  are  essential;  but  the  examiner  may  progress  to  words  and 
sentonces  of  any  complexity.  Ilarely  being  complete,  aphasia  is  often 
betraved  hv  persistent,  helpless  misapplication  of  words,  the  patient  say- 
ing  or  writing  for  instance  "dog"  when  a  hat  is  showed  to  him  and  its 
ušes  demonstrated  by  him.  Paraphasia  and  paragraphia  are  forms  of 
aphasia  rather  characteristic  of  sensory  aphasia. 

To  test  a  patient's  emissive  power  of  language,  that  is,  to  discover 
motor  aphasia  and  agraphia,  objects  are  8ho\^'n  to  him,  and  he  endeavors 
to  utter  and  write  their  names.  Simple  acts  performed  in  the  patient's 
presence  are  described  by  him  both  orally  and  in  ^-riting.  In  motor  aphasia 
"recurring  utterances"  are  common,  a  patient  repeating  "any  one  any" 
or  other  meaningleas  phraae  on  ali  occaaions  when  attempting  to  talk. 
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Even  after  demonstrating  that  a  patient  hears,  reads,  utters,  and 
writes  words  correctly,  and  thus  that  the  widely  separated  cortical  speech- 
areas  in  the  first  and  second  left  temporal  convolutions,  the  angular  gyrus, 
the  third  frontal  and  the  second  frontal  convolutions  are  probably  intact, 
together  with  the  subcortical  region  corresponding  to  each  centre,  we  may 
stili  find  that  the  patient  is  much  crippled  in  the  use  of  language.  In  such 
a  čase  we  conclude  that  some  of  the  fibres  connecting  these  cortical  centres 
with  one  another  are  cut  ofif,  and  that  we  are  dealing  with  a  čase  of  "  con- 
duction  aphasia*'  or  " transcortical  aphasia."  The  prominent  features  of 
this  form  are  paraphasia,  paralexia,  etc,  so  extreme  that  the  jumbling  of 
words  and  syllables  is  spoken  of  as  "jargon-speech." 

So  entangled  in  these  "  association-systems''  are  aH  the  cortical  centres 
that  speech-defect  from  cortical  lesion  always  betrays  some  features  of 
conduction  aphasia.  If  our  tests  reveal  uncomplicated  word-deafness  or 
word-blindness,  or  simple  loss  of  the  power  of  utterance,  we  recognize 
that  the  lesion  is  deep  in  the  brain,  beneath  the  level  of  association- 
systems,  where  the  fibres  radiating  to  or  from  the  particular  centre 
are  bundled  together.  This  is  called  "subcortical'*  or  "pure''  aphasia,^ 
and  vet  some  evidence  exists  that  this  form  of  aphasia  may  result  from 
cortical  lesions. 

As  an  auxiliary  test  for  this  form,  the  study  of  pantomime  is  of  value. 
In  pure  motor  aphasia,  for  instance,  the  patient  though  speechless  as 
regards  utterance,  may  when  asked  how  old  he  is,  open  and  shut  his  hand 
the  proper  number  of  times.    In  ordinary  motor  aphasia  this  is  impossible. 

5.  Spinal  Localization. 

One  of  the  consequences  of  modern  clinico-pathological  study  is  the 
tendency  to  interpret  nervous  symptoms  and  signs  in  relation  to  anatomical 
structure,  rather  than  in  relation  to  empirical  disease  forms.  This  tend- 
ency  in  the  field  of  brain  disease  has  created  cerebral  localization;  and  it 
has  aflfected  our  conceptions  of  spinal  disease  to  the  extent  that  we  speak 
less  of  "locomotor  ataxia,"  of  "spastic  paraplegia"  or  of  "progressive 
muscular  atrophy"  as  disease  entities  than  as  dominant  symptoms  of 
various  lesions  affecting  certain  structures  of  the  spinal  cord.  Assuming 
in  this  connection  that  the  symptoms  in  a  given  čase  are  of  spinal  origin, 
we  infer  from  "ataxia''  of  a  limb  that  the  dorsal  colunm  of  the  cord  is 
aflfected;  from  spasticity  with  increased  reflexes,  the  pjTamidal  tract; 
from  atrophy,  the  ventral  horns  of  the  gray  matter;  from  anaesthesia,  tlie 
dorsolateral  column  again;  from  loss  of  pain-  and  temj)erature-sense  with- 
out  ana?sthesia — dissociation  of  sensation — the  central  part  of  the  gray 
matter;  from  pain,  the  dorsal  roots.  Then  we  endeavor  to  determine  the 
lesion  which  hiis  caused  the  particular  symptom-c<)mplex  which  confroiits 
us  by  bringing  to  bear  our  knowlcdge  of  the  natural  history  of  nervous 
disease  and  by  collating  the  spinal  symptoms  \vith  any  cerebral  mani- 
festations  which  may  be  presen  t.  By  this  method  we  may  find  that  our 
"locomotor  ataxia"  čase  is  really  one  of  combined  degeneration  of  the 
cord  or  one  of  paresis,  and  that  "progressive  muscular  atrophy"  is  symp- 
tomatic  of  syringomyelia  or  of  tumor. 
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Spinal  localization  in  the  ordinary  sense,  however,  relates  to  diagnosis 
of  the  level  of  a  lesion  in  the  cord.  It  is  based  upon  our  accumulated 
knowledge  of  the  motor  sensory  reflex  and  sympathetic  control  exercised  by 
each  segment  of  the  spinal  cord  over  a  corresponding  segment  of  the  bodv. 

Injury  to  the  spinal  cord  at  any  point  involving  the  motor  tracts — 
unless  it  be  completely  severed — causes  paralysis,  with  increase  of  reflexes, 
below  that  point;  but  at  the  level  of  the  lesion  we  are  likely  to  fine  I  the 
reflexes  abolished.  We  commonly  find  also  anaesthesia  covering  the  bo(ly 
below  this  level  if  the  lesion  is  grave,  and  the  upper  limit  of  anaesthesia, 
with  the  zone  of  absent  reflexes  coinciding,  is  the  best  index  to  the  level 
of  the  spinal  lesion.  If  the  lesion  affects  one  lateral  half  of  the  cord  the 
above  principles  stili  apply,  but  the  disturbance  of  sensation,  except  of 
the  sense  of  position,  is  found  on  the  side  opposite  to  that  of  the  lesion 
and  to  that  of  the  motor  symptoms — Brown-S($quard's  paralysis,  although 
even  in  this  form  tactile  sensation  is  often  preserved. 

The  level  thus  ascertained  marks  the  relative  position  of  the  lesion, 
but  its  actual  position  in  the  spinal  column  will  be  found  above  this,  gener- 
ally  a  distance  of  about  three  spinal  segments.  A  narrow  zone  of  anaesthesia 
is  usually  present  in  Brown-S6quard's  paralvsis  on  the  side  of  the  lesion, 
and  at  its  level  and  above  this  may  be  a  narrow  zone  of  hyper3PSthesia. 
Such  an  anaesthetic  zone  occurring  indepen(iently  points  to  a  lesion  outside 
the  cord  substance  and  involving  spinal  roots  of  at  least  two  segments. 
Sensory  loss  from  injury  to  the  cord  proper  or  the  posterior  roots  is  dis- 
tributed  in  horizontal  bands  about  the  trunk  and  longitudinal  bands  in  the 
limbs,  irrespective  of  the  distribution  of  the  nerves — segmental  anaesthesia. 

The  clinician  should  be  able  to  conclude  ofif-hand  from  atrophv  of  the 
shoulder,  or  loss  of  reflexes  in  that  region,  that  the  upper  cervical  region  is 
affected  when  the  symptom8  are  of  spinal  origin;  from  such  svmptoms 
aflfecting  the  forearm  and  hand,  that  the  lesion  is  lower  down  in  the  cervical 
swelling;  from  loss  of  knee-jerk,  that  it  is  in  the  lumbar,  and  from  loss  of 
control  of  sphincters,  in  the  sacral  region;  but  for  finer  deductions  it  is 
well  to  record  the  findings  in  a  particular  čase,  and  then  interpret  them 
by  reference  to  the  tables  and  diagrams  upon  pp.  326,  327  and  328. 

Combined  Degenerations. — "Tvpical  cases'*  are  as  narrow  summits 
in  the  great  ranges  of  disease.  From  each  summit  the  symptomatology 
and  pathology  form  a  downward  slope,  by  which  that  disease  merges  with 
one  or  more  of  its  neighbors.  Of  lateral  sclerosis  very  few  absolutely  pure 
cases  have  been  reported.  On  the  one  hand,  in  cases  that  seem  like  pure 
lateral  sclerosis,  there  is  nearly  always  insidious  degeneration  in  the  ventral 
gray  horns — chronic  poliomyelitis;  or  the  lat  ter  disease  after  a  course  of 
years  may  take  on  spastic  symptoms  because  the  pyramidal  tracts  are 
invaded,  that  is,  degeneration  beginning  in  either  motor  neuron  tends 
to  progress  to  the  other. 

In  some  cases  the  aflfection  of  superior  and  inferior  motor  neurons 
is  simultaneous,  progressive  muscular  atrophy  and  spastic  paraplegia 
developing  pari  pdssu.  Such  cases  constitute  amyotrophic  lateral  sclerosis. 
In  them  the  bulbar  part  is  prominent  and  degeneration  may  extend  even 
to  the  cortex,  mapping  out  the  motor  zone,  for  amyotroph]c  lateral  sclerosis 
is  a  disease  of  the  whole  motor  system. 
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On  the  other  hand  degeneration  in  the  lateral  columns  may  be  accom- 
panied  by  dorsal  degeneration.  Such  implication  of  superior  motor  neurons 
with  inferior  8ensory  neurons  in  combined  degeneration  suggests  a  local, 
extraneous  cause,  acting  upon  the  lateral  and  posterior  columns  simul- 
taneously.  The  mechanism  for  this  could  be  the  marginal  system  of 
arteries  carrying  some  toxin  into  these  portions  of  the  white  matter,  and 
the  lesion  might  be  expected  to  spread  around  the  arterioles  from  the 
very  margin  of  the  cord.  These  conditions  are  clearly  present  in  some  cases 
of  ergotism,  pernicious  anaemia,  etc.  An  acute  diffuse  dorsolateral  degen- 
eration may  be  found  at  autopsy,  though  commonly  no  symptoms  have 
becn  observed  in  life.  In  various  undetermined  toxaDmias  (Putnam  and 
E.  W.  Taylor)  a  subacute  degeneration  is  established,  partlv  diflfuse,  but  also 
partly  8ystematic,  as  in  ti  me  it  enters  the  course  of  ascending  and  descend- 
ing  tracts.  This  subacute  combined  degeneration  is  clinically  distinet 
from  the  other  types  (Russell,  Batten  and  Collier).  Possibly  similar  in 
origin  but  appearing  as  a  pure  combined  system  disease  (Striimpell),  the 
chronic  form,  posterolateral  sclerosis,  has  been  recognized  longer.  It  is 
manifested  clinically  by  paraplegia  from  the  pyramidal  tract  lesion,  \vith 
ataxia  from  the  lesion  in  the  dorsal  columns — ataxic  paraplegia  of  Govvers 
— but  without  lightning  pains  or  other  sensory  phenomena  and  without  eve- 
symptoms,  because  the  sensory  root-zones  and  roots — including  the  optic 
nerves — are  spared.  For  this  last  reason,  too,  the  reflexes  are  preserved 
in  posterolateral  sclerosis;  by  the  degeneration  of  the  pyramidal  tracts 
they  are  usuallv  increased  and  the  legs  made  spastic.  At  a  late  stage  the 
root-zones  may  be  invaded  and  reflexes  impaired  until  the  čase  appears  like 
one  of  simple  tabes  dorsalis,  onlv  an  autopsy  revealing  the  combined  lesion. 

A  combined  sclerosis  is  the  commonest  spinal  lesion  of  paresis. 

6.  The  Reflexes. 

Every  segment  of  the  spinal  cord  contains  not  only  centres  for  certain 
groups  of  muscles  but  also  for  reflex  movements.  The  reflex  starts  in  an 
impulse  arising  from  the  stimulation  of  a  sensory  nerve.  It  is  transmitted 
to  a  centre  in  the  cord  and  passes  by  way  of  the  processes  of  the  sensory 
cell-bodies  to  the  neurons  of  the  corresponding  motor  centre,  in  which  it 
originates  a  motor  impulse  which  in  turn  passes  by  way  of  the  motor  nerve 
to  the  muscle-fibres  supplied  by  the  nerve.  This  complete  path,  made  up 
of  centripetal  or  sensory  fibres  with  their  cell-bodies  and  correlated  cell- 
bodies  with  their  centrifugal  or  motor  fibres,  is  called  a  reflex  are.  The 
8ensory  impulse  may  be  transmitted  to  centres  at  higher  or  lower  levels 
and  excite  several  motor  impulses,  thus  producing  a  complicated  reflex  are. 
The  cord  segment«  are  connected  with  fibres  from  the  cerebrum  having 
the  function  of  inhibiting  the  reflex.  If  these  fibres  are  irritated  the  reflexes 
are  impaireil  from  abnormal  inhibition;  if  they  are  destroyed  the  reflexes 
are  exaggerated.  If  the  are  is  interrupted  either  in  its  aflferent  or  efferent 
limb  or  in  the  centre  the  reflex  is  lost. 

Involuntary  contraction  of  muscles  aroused  by  a  sensory  impression 
upon  related  parts  is  a  reflex  in  the  ordinary  sense.  For  fine  deductions 
the  muacles  themselves  must  be  observed.     The  quadriceps  cruris,  for 
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example,  may  be  seen  to  contract  on  tapping  the  patellar  tendon,  even 
when  no  motion  of  the  leg  occurs,  and  under  such  circumstances  the  "  knee- 
jerk"  cannot  be  said  to  be  abolished;  but  ordinarily  we  recognize  reflex 
response  in  muscles  by  a  characteristic  motion  imparted  to  a  member,  as 
the  kicking  movement  of  the  leg  which  is  regarded  as  a  measure  of  the 
knee-reflex. 

Absence  of  the  usual  motor  response,  of  the  knee-jerk  for  exampley 
or  its  diminution  or  exaggeration,  are  the  matters  to  be  attended  to  in  the 
study  of  most  reflexes,  particiilarly  the  "  tendon-reflexes. "  This  is  true 
also  of  most  of  the  superficial — skin — reflexes,  though  in  certain  of  them 
the  character  of  the  motion  elicited  is  significant;  thus  with  the  plantar 
reflex,  flexion  of  the  toes  is  normal,  while  extension — Babinski  reflex — 
indicates  lesion  of  the  pvramidal  tract  of  the  corresponding  side,  ext«n8ion 
of  the  toes  being  equivalent  to  exaggeration  of  other  reflexes.  In  a  third 
group,  the  so-called  periosteal  reflexes,  any  motion  of  the  member  estab- 
lishes  the  presence  of  the  reflex,  as  in  the  čase  of  the  scapulohumeral, 
the  motion  of  which  ma)*^  be  external  or  internal  rotation,  and  ad-  or  ab- 
duction  of  the  upper  arm,  according  as  to  which  of  the  muscles  attached 
to  the  scapula  are  most  actively  excited  when  this  bone  is  jarred  by 
tapping  at  a  spot  where  it  is  bare  save  of  periosteum  and  skin. 

A  reflex  miist  be  fairly  constant  and  discernible  in  the  normal  subject 
to  give  much  significance  to  its  alterations,  particularly  to  its  absence. 
Many  reflexes  are  of  minor  clinical  importance  because  they  are  present 
in  onlv  a  small  percentage  of  normal  subjects  and  then  are  not  pronounced. 
the  ulnar  for  instance.  Ileflexes  of  the  lower  extremity  are  on  the  whole 
more  important  than  those  of  the  upper,  and  the  knee-jerk  is  preeminent 
in  this  respect. 

The  reflexes  of  the  upper  extremity  being  inconstant,  absence  of  any 
one  of  them  signifies  little;  exaggeration  of  one  has  a  certain  value;  and 
even  the  marked  presence  of  a  number  of  them  in  a  patient  has  something 
of  the  import  of  exaggeration  of  other  reflexes. 

Knee-jerk  or  Patellar  Tendon  Reflex. — To  elicit  the  knee-jerk  the 
leg  is  rendered  passive  by  crossing  the  knee  o  ver  its  fellow,  or  by 
supporting  it  on  the  examiner's  forearm  passed  under  the  patient's  knee 
and  braced  by  the  hand  placed  upon  the  other  knee,  or  by  having 
the  patient  \vhile  recumbent  draw  up  his  knee  into  an  easy  position 
\vith  aH  muscular  tension  on  his  part  withdrawn;  the  patellar  tendon  well 
bol()w  the  knee-cap  is  then  struck  a  firm,  quick  blow  with  the  ulnar  edge 
of  the  hand  or  with  a  percussion  hammer. 

The  knee-jerk  should  never  be  declared  absent  until  Jendrassik*s 
met  hod  of  reinforcemcnt  has  confirmed  the  result.  This  is  applied  by 
directing  the  patient  to  hook  his  hands  together  and  to  keep  them  so  while 
tugging  at  them  as  if  to  puli  them  apart.  It  is  customary  for  the  examiner 
to  count  "one,  two,  threc"  aftcr  instructing  the  patient  to  "puli  hard" 
at  "three,*'    the  tap  on  the  tendcm  being  made  at  about  "four.*' 

The  signs  +  for  increased  and  —  for  diminished  knee-jerks  are  eom- 
monly  employed;   and.  in  writing,  "  kj"  for  the  reflex  itself  is  allowable. 

The  knee-jerk  iMjing  due  to  contraction  of  the  quadriceps  eruris 
muscle,    the   essential    phenomenon    may    be   induced    by   tapping    the 


EXAMINATION  OF  THE  NEltVOUS  SVSTEM.  347 

muscle  itaelf  juat  above  the  patella,  especially  if  the  latter  is  pressed 
downward  by  a  finger  laid  along  the  upper  edge  of  tlie  buoe  and  this 
finger  is  then  tapped   with  the  hammer. 


•d  of  teaiing  patelUr 


Bablnskl    Reflex. — In  testing  for  the  Itablnski  reflex  the  examiner 
supports  the  patie]it's  ankle  with  bis  left  hand  and  strokes  the  šole  uf  the 


foot  with  any  object  \vhicl!  makes  a  dititinct  sensorv  inipression — a  aome- 
what  sbarp  point  being  neceii3ary  ivhen  the  skin  is  thick — at  the  same  tirne 
Doting  the  movement  of  the  toes,  which  in  ali  normal  vJcnuna  ^aat.  ^I&a  ^ii^a 
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of  infancy  is  plantar  f1exion.  Extension  (dorsi(Iexion)  of  the  toes,  partie- 
ularly  of  the  big  toe,  elicited  in  thia  way  constitutes  the  Babinski  ref]ex, 
which  is  a  most  impoitant  eign  of  involvement  of  the  pyramidal  tracts. 


Ankle  Clonus. — This  phenomenon  usually  accompanies  a  considera- 
biy  increased  knee-jerk,  and  has  a  similar  signifioance.  To  test  for  it,  the 
whole  leg  should  be  relaxed — best  by  having  the  paticnt  supine.     The 


examiner's  left  hand  supporta  the  leg,  and  his  right,  clasping  the 
patient's  foot,  presses  it  upward,  when,  if  clonus  is  present,  the  foot  is 
pushed  back  against  the  hand  in  a  series  of  jerks  which  are  due  to  clomc 
gpaam  of  the  (aoleua)  muscle. 
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Achllles  Jerk. — A  eingle  reflex-eontractioii  of  the  calf  muscie  may  be 
induced  by  tapping  the  tcndon,  which  the  exaniiner  has  rendered  tense  by 
pressing  the  foot  upward.  This  reflex  is  called  the  Achilles  jerk  and  is  an 
index  of  the  condition  of  the  sciatic  nerve  and  corresponding  aegmenta 
of  the  spinal  cord.  It  is  best  obtaiiied  by  having  the  patient  kneel  upon  a 
chair  while  the  exaiiiiner  taps  the  Achilles  tendon. 

The  Abdominal  Reflex. — This  reflex,  quite  a  constant  one,  is  elicited 
by  Btroking  the  side  of  the  abdomen.  The  ensuing  contraction  is  wide- 
spread  over  this  region. 

The  Cremastetic  or  Ineuinal  Reflex  consists  in  a  drawing-up  of  the 
scrotum  and  testicle  on  stroking  the  inside  of  the  thigh. 

The  Epigastric  Reflex. — On  stroking  along  the  coatal  margin  the 
muscles  over  the  pit  of  the  stomach  contract. 

Among  the  refleses  of  the  upper  extremity,  the  Radial — a  perioateal 
reflex — is  elicited  by  tapping  above  the  Btyloid  process  of  the  radius,  and 
consists  niainly  in  fleslon  at  the  elbow-joint.    The  nearly  identical  motion 


Fio.  138. — Tticeps 


of  the  Biceps  Reflex  arisen  when  the  tendon  of  this  muscie  is  tapped  at  the 
bend  of  the  elbow.  In  testing  the  last  two  reflexeB  the  examiner  plnces 
hia  forearm  under  that  of  the  patient,  in  order  to  relax  the  latter. 

To  elicit  the  Triceps  Reflex  the  patienfs  upper  ami  is  given  a  fixed 
BUpport  on  the  exainincr's  \vri8t  or  on  a  chair-back,  when  tapping  above  the 
oiecranon  causes  an  outivard  jerk  of  the  forearm. 

Plantar  Reflex. — Produced  by  tickling  the  šole  of  the  foot.  It  consists, 
when  fully  developed,  of  sudden  withdrawal  of  the  foot  by  flexion  at  the 
hip  and  knee,  dorsal  flexion  of  the  ankle  and  plantar  flexion  of  the  toes. 
The  movement  in  undeveloped  cases  niay  conHiHt  of  sudden  plantar  fIexioa 
of  the  toes.  It  occurs  in  normal  conditions,  but  in  varying  degrees,  There 
are  those  who  have  the  power  to  voluntarily  prevent  it.  This  reflox  is 
exaggerated  in  neurasthenia,  hysteria  and  othor  functional  diseascs  of  the 
nervoua  systeni,  and  niay  be  assoriated  in  extrcme  cases  with  general 
convulsive  niovements  or  mav  be  crossed, — that  is,  it  may  occur  on  the 
opposite  side,  as  well  as  on  the  side  tit^kled.  It  is  also  inrreased,  but  u»ually 
to  a  moderate  extent  oniv,  in  organic  di-scasc  of  the  central  nervous  syalem. 
It  is  as  a  rule  abolished  in  the  afFected  side  in  hemiplegia  and  invariably 
abaent  in  destruct-ive  lesions  involving  the  scnBory  nerves  of  the  legs. 

Other  reflexe8  of  minor  cHnical  importance  are: 
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The  Supra-orbital  Reflex.— Produced  by  a  sharp  tap  upon  the  tnink 
of  the  supra-orbital  nerve,  it  consists  of  slight,  momentary  contractions  of 
the  orbicularis  palpebranim,  especially  in  its  extemal  half.  It  is  absent  m 
destructive  lesions  of  the  supra-orbital  nerve  and  in  peripheral  facial  palsv. 

The  Malar  Reflex. — Not  usually  present  in  normal  conditions,  but 
caused  in  recent  facial  paralysi3  of  peripheral  origin  by  percusaon  over 
the  malar  bone.  It  consists  of  contraction  of  the  elevator  of  the  angle  of 
the  mouth  and  movements  of  the  ala  naši. 

The  Chin  Reflex. — This  phenomenon  is  elicited  by  tapping  upon  a 
small  flat  object,  as  an  ivory  paper  cutter  or  a  tongue  depressor,  laid  upon 
the  lower  front  teeth,  or  the  finger  laid  upon  the  protuberance  of  the  chin 
when  the  mouth  is  open  and  the  jaw  relaxed  and  drooping.  Ths  responae 
consists  in  a  sharp  upward  movement  of  the  jaw.  It  may  be  present  in 
nervous  conditions,  as  hysteria,  and  in  cachectic  states. 


The  Femoral  Reflex. — Not  present  in  health.  It  is  produced  in  trans- 
verse  lesions  of  the  spinal  cord  above  the  level  of  the  elghth  dorsal  seg- 
ment by  irritation  of  the  anterior  surface  of  the  upper  part  of  the  thlgh, 
and  consists  in  plantar  flesion  of  the  toes  and  extension  of  the  foot. 

Stnkler's  Toe  Ref  lex. — Produced  by  sudden  forcible  f]exion  of  the  great 
toe.  It  consists  in  forcible  flexion  of  the  knee  and  hip  and  is  met  with  in 
spastic  conditions  arising  in  spinal  disease,  as  spastic  paraplegia. 

Qowers's  Front  Tap. — The  leg  being  slightly  flexed,  a  blow  is  struck 
upon  the  tibialis  anticus  muscle.  Plantar  flexion  of  the  toea  occurs  in  a 
considerable  proportion  of  normal  peraons,  many  neurasthenic  and  hy8teri- 
cal  individuals,  and  not  at  ali  in  tabes. 

Paradoxical  Reflex. — Caused  by  sudden  shortcning  of  the  tendon; 
eUcited  by  deep  pressure  upon  the  calf  muscles,  and  con.si.sting  in  extension — 
dor8iflexion— of  the  toes,  especially  the  great  toe.  It  is  regarded  as  a  sign 
of  irritation  or  early  organic  affection  of  the  motor  pathway. 

Oppenbelni's  Reflex. — Dorsiflexion  of  the  toes  and  foot  upon  forcibly 
atroking  the  skin  along  the  inncr  border  of  the  tibia. 

Pfliiger's  Laws — l.  The  reflex  occura  upon  the  same  side  of  the  body 
as  that  to  which  the  irritant  is  applied  and  in  muscles  who8e  motor  nerves 
arise  from  the  same  segmenta  of  the  cord.  2.  If  the  refiex  occurs  on  the 
opposite  side,  only  the  corresponding  muaclea  contract.  3.  If  the  reflexe8 
STv  unegual  on  tbe  two  Bides,  the  Btronear  are  on  the  side  upon  which  the 
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initation  has  been  applied.  4.  Wheii  the  reflex  extends  to  other  segmenta 
the  direction  of  the  extension  is  toward  the  medulla.  5.  Ali  the  musclea 
of  the  body  may  yield  reflexea. 

Kbrnig's  Sign. — Not  a  true  reflex  but  convemently  described  in  this 
connection.  NormaIly  the  leg  may  pa3sively  be  fully  extended  on  the  thigh, 
when  the  latter  is  at  right  anglea  to  the  long  axis  of  the  trunk,  as  when  the 
patient  sita  upon  the  edge  of  the  bed  with  his  legs  hanging  down,  or  has  the 
thighs  fiexed  when  in  the  reeumbent  posture.  The  extending  force  must  be 
moderate  and  gradual.  Resistance  and  pain  are  developed  at  an  angle 
between  95"  and  135°.  This  sign  occura  in  acute  meningitis,  especially 
cerebrospinal  fever,  when  collapse  symptoma  are  absent,  but  is  not  con- 
stant  in  tuberculoua  meningitis.  It  has  been  variously  ascribed  to  irrita- 
tion  of  the  meninges  and  posterior  nerve  roots,  irritative  lesions  of  the 
pyramidal  tract,  intraventricular  presaure,  and  cerebellar  irritation.     It 


PiO.  140. — Oppenhrim'a  refle 


occurs  in  various  acute  diseases  in  young  children  and  very  rarely  in  adults 
in  enteric  fever.  It  may  be  aimulated  in  old  age,  disuse  of  the  lower  limbs, 
arthritis,  aciatica,  and  contracturea. 

BRrDZ[N8Ki's  Sign. — If  the  head  is  f]exed  upon  the  cbest,  flexion  of  the 
legs  at  the  hips  and  knees  occurs  and  flexion  of  one  tbigb  upon  tbe  trunk 
causes  a  movement  of  tbe  same  kiad  on  the  other  side. 

7.  Electrodiaj^nosis. 

For  diagnoBtic  purpoaes  the  galvanic  battery  ia  more  important  than 
the  faradic;  but  each  gives  conaiderable  Information  as  to  the  cauae  and 
character  of  motor  paralysis  or  the  variety  of  muscular  atrophy  present, 
and  the  prognosis  in  paralyai8  and  atrophy  of  certain  kinds. 

The  eleclrodea,  covered  with  absorbent  cotton  and  wette<l,  are  placed 
upon  the  patienfa  bare  skin,  one  at  some  "  indifTerent "  point,  aa  the  back 
of  the  neck.  the  other  upon  the  part  to  be  examined — motor  point  of  the 
muscles  or  the  nerve-trunks.  With  a  faradic  current  thus  appUed,  on 
opening  the  circuit  a  quick  contraction  of  the  muscles  enauea  in  the  region 
o/  the  diatal  electrode,  whether  this  be  positive  (the  anode)  or  negative 
(the  cathode) ;  but  if  the  interruptions  are  rapidly  repeat«d  the  muacle  is 
thTY)wn  into  a  tetanic  atate.  If  these  muscles  be  the  aeat  of  paralyai3  from 
lesion  of  the  Inferior  motor  neuron — poliomyelitis,  neuritis,  etc. — or  if 
tbey  be  atrophied,  their  response  to  the  faradic  current  've,  d.v\ti.\xti&W& '\tv  %. 
degree  whJch,  after  aome  experience,  can  be  eat>\mtt.te4  >i'^  ^Xlft  «,Ti;».\Kasfct. 
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This  diminution  of  faradic  contractility  serves  as  an  early  index  of  the 
exteDt  of  para]ysis  and  atropby  which  is  Ukely  to  appear  in  acute  anterior 
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polioinyelitis,  in  Bell'8  palsy,  or  other  diseaae  inducing  rapid  degeneration 
of  muscles;  but  at  the  end  of  two  weeka  from  the  onset  in  these  afTectiona 
there  is  commonly  no  response  whatever  to  famUam. 
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Oq  the  other  hand,  if  the  galvanic  cuirent  be  applied  as  deacribed 
above  over  paralyzed  or  atrophied  muscles  the  contractility  ia  found  to  be 
at  first  increased;  that  is,  galvanic  hyperexcitability  is  a  sign  of  musclc 


degencralion.  Later  it  diminishes.  Contraction  of  the  muscles  under  the 
galvanic  current  is  onlv  moraentan-,  appearing  both  on  closing  aod  on 
opening  the  circuit.  The  varioua  responses  of  the  normal  muacle  are  as 
foUovs:  To  the  negative  pole,  or  cathode,  the  first  or  moet  aetive  resprnat 
is  on  closing  the  circuit,  which  is  eipreased  thus,  CCC  Oa  openinc  tfaB 
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circult  there  is  no  response,  C  O  C.  To  the  positive  pole,  or  anode,  a 
response  not  so  active  as  to  the  cathode  is  obtained  on  closing  the  circult, 
A  C  C  ,  and  occasionally  a  response  is  also  obtained  on  opening  the  circuit, 
e8pecially  if  the  pole  is  held  on  the  trunk  of  a  motor  nerve,  A  O  C.  These 
two  responses  to  the  anode  may  be  about  equal,  but  usually  the  response 
at  closure  is  greater  than  at  opening,  and  neither  is  as  active  as  the  response 
to  the  closure  of  the  cathode.    Thus  the  normal  formula  stands  as  follows: 

CCC   >ACC   >or  =  AOC   >COC. 

This  formula  represents  what  we  find  practically  at  the  bedside. 
There  are  some  distinctions  between  the  responses  to  nerve-tissue  on  the 
one  hand  and  muscle-tissue  on  the  other,  as  observed  in  laboratory  experi- 
ments  on  animals;  but  these  need  not  detain  and  confuse  us  here. 

Reaction  of  Degeneration — R.  D. — When  a  muscle  is  degenerating — 
for  instance,  when  it  is  cut  ofif  from  its  nerve  supply  either  by  injury  or 
disease  (nerve  injuries,  neuritis,  acute  anterior  poliomyelitis) — the  reactions 
to  galvanism  are  altered.  The  anodal  closure  contraction  becomes  greater 
than  the  cathodal  closure  contraction,  A  C  C  >  C  C  C  ,  although  both  are 
diminished  as  compared  with  those  of  the  normal  muscle.  At  the  same  time 
the  anodal  opening  cgntraction  (never  very  conspicuous)  disappears,  and  very 
rarely  the  cathodal  opening  contraction  is  seen.  Thus  the  typical  reaction 
of  degeneration  is  as  follow8:  ACC  >CCC  (COC  sometimes  seen,  A 
O  C  disappearing).  The  response  of  degenerating  muscle  is  sluggish,  not 
quick  and  active. 

8.  Trophic  Disturbances. 

In  a  broad  sense  ali  disease  is  nutritional  disorder;  but  there  are  some 
diseases  which  directly  attack  the  nervous  structures  presiding  over  nutri- 
tion  of  related  parts  of  the  body,  and  these  are  properly  ••  trophic  diseases.'* 
The  nutritional  disorder  may  be  the  principal  manifestation  of  the  disease, 
as  is  indeed  recognized  in  the  very  name  of  the  group  of  muscular  atrophies. 
Whether  or  not  there  be  separate  trophic  nerve-fibres,  we  know  that  for 
the  muscles  the  trophic  impulses  traverse  the  motor  nerves  chiefly.  If 
motor  palsv  '$>  iccompanied  by  rapid  wasting,  the  lesion  is  probably  in  the 
gray  matter  (of  the  cord,  oblongata,  etc.)  or  in  the  peripheral  nerves, 
since  tjey,  comprising  the  lower  motor  neurons,  preside  over  nutrition 
most  directly.  But  sicw  wasting  may  aflfect  parts  paralyzed  by  cerebral 
disease  (upper  motor  neurons),  the  affected  side  in  old  hemiplegia  being 
commonly  much  atrophied.  This  is  ascribed  to  involvement  of  trophic 
centres  in  the  cortex.  While  the  spastic  spinal  palsies  arise  from  disease 
of  superior  motor  neurons — pyramidal  tracts — they  often  manifest 
atrophy  which  may  be  similar  in  ali  respects  to  that  of  chronic  poliomye- 
litis — ordinary  progressive  muscular  atrophy.  In  such  cases  there  is  no 
physiological  paradox:  the  atrophy  is  referable  to  implication  of  the  gray 
matter  of  the  cord.  Primary  lateral  sclerosis  is  practically  always  accom- 
panied  by  atrophy,  distributed  as  in  poliomyelitis,  which  implies  that  the 
two  motor  neurons — superior  and  inferior — are  perhaps  independentlv, 
though  8imultaneously,  involved,  and  bulbar  palsy  is  frequently  included 
in  the  clinical  picture.    It  is  well,  therefore,  to  conceive  of  chronic  polio- 
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inyelitis,  lateral  sclerosis,  amyotrophic  lateral  sclerosis  and  bulbar  palsjr 
as  constituting  one  disease,  of  which  a  particular  Bymptom — atiophy, 
etc. — 18  dominant  in  each  of  the  types  named. 

The  distribution  of  muscular  atrop!iy  has  considerable  significanf«, 
eBpecialIy  the  region  of  the  body  in  whieh  it  firet  appeare.  Atrophy  begin- 
ning  in  the  small  muBcles  of  the  hand,  or  in  the  shoulder,  is  generally  pro- 
gressive — spinal — muacular  atrophy. 

In  the  "familytype"  of  spinal  atrophy  appearing  in  infancy,  the 
muscles  of  the  legs  and  back  are  the  first  to  show  wasting.  The  myopath{es 
or  muscular  dystrophies  are  Iikely  to  appear  first  in  the  pelvic  girdle  (leg 
type),  in  the  shoulder  girdle  (arm  type),  or  in  the  face  (face  type).  When 
atrophy  occurs  in  the  foot  and  outer  lower  leg — peroneal  muscles — the 
80-calIetI  primary  neiiritic  atrophy  is  to  be  conaidered. 

The  cardinal  fests  of  spinal,  as  distinguiahed  from  idio muscular,  atro- 
phies  are  the  electriral  reaction  of  degeneration  and  fibrillary  twitching, 
both  present  in  the  former,  and  abaent  in  the  latter  or  myopathieB. 


The  muscles  above  or  below  a  <liseased  joint  often  waste.  Thia  is 
called  "arthritic  atriiphy,"  and  is  explaincd  as  a  reflex  phenumeDon  set 
up  by  irritation  of  aensory  nervcs  Bupplying  the  joint. 

The  clinician  nuist  disciiminate  betweon  the  atrophy  from  disuse  or 
from  joint  disease,  and  that  which  is  the  essential  manifestation  of 
ccrtain  gravc  ncrvous  diaeasea;  and  he  doea  so  mainly  by  coDsidering 
the  corrclatetl  synipt<)nis  and  signs. 

Certuin  diseascs  are  presumably,  though  not  manifestly,  trophic  in 
origin;  as  nrthritis  deformans,  Others,  such  as  acromegaly,  myxoedema, 
and  adiposis  dulorosa,  result  from  disease  of  ductless  glands — pituitar}' 
body,  thyroid — through  the  nie<Iiuni  of  the  trophic  nervous  apparatus, 
which  is  affectcd  by  the  ubsence  or  derangement  of  the  secretions  of  these 
glands.  These  diseases — characferized  i-eHpectively  by  gross  enlargement 
of  hands,  feet,  and  face;  by  thickened,  doughy  skin;  by  great  maflses  of 
painful  fat — illustrate  trophic  exce8s,  hypertrophy,  and  hyperplasia. 

Stili  another  group  of  affections,  pathologically  obscure  and  clinically 
indefimte,  illustrate  trophic  disease  arising  through  the  medium  of  vrbo- 
motor  derangement.  These  comprise  angioneurotic  cedema,  acropar«»- 
tliesia,  Raynaud's   disease,   erythromelalgia,  and   perbapa  other  disasBee. 
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A  variety  of  local  aSections  occur  however  as  incidents,  more  or  less 
important,  in  the  course  of  organic  nervous  diaeases,  and  constitute  trophic 
manifestations  of  these  diaeases,  j  ust  as  paral yBia  and  anfesthesia  constitut« 


their  motor  and  aensory  manifestations.  These  trophic  disturbances  some- 
times  resemble  independent  affections  and  the  nervous  diseases  underlying 
tbem  may  thus  be  overlooked,  for  instance,  bed-sores  in  emaciation  op 
sprains  in  Charcot  joints.     A  joint  affection,  e3pecially  if  it  be  subacute  or 


— GcrniMi  IloopilBl. 


chronic  and  confined  to  one  or  two  joints,  is  oftcn  of  nervous  origin.  In 
acute  myelitia  inf5ammatory  arthropathies,  resembling  rheumatism,  may 
arise.  In  old  hemiplegia — on  the  paralyzed  aide — and  in  varioua  chronic 
cord-diseases,  an  osteo-arthritis  is  not  uncomtnon.  The  classic  form  is 
the  Charcot  joint,  which  occurs  most  frequently  early  in  the  course  of 
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tabes  dorsalis.  The  arthr6pathy  of  syringomyelia  often  affects  the  spine, 
inducing  scoliosis.  Painless  whitlows  of  fingera  or  toes  call  for  8tudy  of 
sensation  in  these  parts,  for  if  they  betray  loss  of  temperature  and  pain 
sensibil4ty,  we  are  dealing  with  "Morvan^s  disease,"  a  trophic  manifesta- 
tion  of  8yringomyelia.  Painless  perforating  ulcer  of  an  extremity,  often 
on  the  bali  of  the  foot  or  great  toe,  belohgs  commonly  to  tabes  dorsalis  or 
to  syringomyelia.  Bednsores  form  usually  at  spots  injured,  especially  over 
the  sacrum  from  pressure  of  the  bed,  but  the  extent  of  the  ulceration  is 
ordinarily  out  of  proportion  to  the  apparent  cause.  Moreover,  sloughs  do 
form  without  external  cause,  from  purely  trophic  defect.  The  skin  shows 
changes  in  various  nervous  diseases,  as  do  the  nails,  hair  and  other 
structures  histologically  allied  to  the  skin.  "Glossy  skin," — 8hiny,  thin, 
dry  epidermis  on  the  extremities, — results  from  neuritis  of  somewhat  long 
duration.  The  vesicles  of  herpes  zoster  are  a  trophic  manifestation  of 
neuritis,  most  frequently  intercostal. 


9.  Pain  and  Temperature. 

In  ordinary  ansesthesia,  as  that  of  neuritis  or  of  tabes  dorsalis,  loss  of 
sensibility  to  pain,  and  to  heat  and  cold,  is  associated  with  the  loss  of 
touch  sense.  The  nerves  and  dorsal  roots,  the  seat  of  these  diseases,  con- 
tain  the  fibres  for  ali  forms  of  sensation. 

There  is  a  remarkable  condition,  however,  in  which  a  patient,  though 
feeling  himseif  touched  by  an  object — touch  sensation  preserved — cannot 
teli  whether  it  ic  hot  or  cold — temperature  sense  lost — or  whether  it  is 
sharp  or  dull — pain  sense  lost.  This  separate  sensory  loss  is  called  diaso- 
ciated  ancBsthesia,  It  is  in  the  root-zone  that  the  pain  and  temperature 
fibres  part  company  with  aH  others  to  enter  the  gray  matter  and  sweep 
across  by  way  of  the  comfnissure  to  the  opposite  margin  of  the  cord. 

In  the  neighborhood  of  the  central  canal — central  gray  matter — the 
pain  and  temperature  fibres  from  one  side  decussate  with  those  from 
the  opposite  side  in  a  narrow  space,  and  a  small  lesion  at  this  point, 
sparing  the  dorsal  columns,  may  cause  dissociate  ansesthesia.  The  lesion 
that  most  often  occurs  here  is  a  peculiar  tumor  that  forms  by  prolifera- 
tion  of  neuroglia  j  ust  back  of  the  central  canal. 

When  proliferated  rapidly  neuroglia  forms  a  soft  mass.  In  the  brain 
where  its  commonest  seat  is  deep  in  the  cerebellum,  it  meets  equal  pres- 
sure on  ali  sides  and  so  becomes  globular — glioma;  but  in  the  cord  the 
line  of  least  resistance  is  up  and  down,  and  the  gliomatous  tissue  forms  a 
rod  along  the  centre  of  the  cord.  Neuroglia  tumors  tend  to  break  down 
centrally.  Glioma  of  the  brain  is  thus  commonly  cystic,  and  gliosis  of  the 
cord  when  advanced  is  characterized  by  cavity  formation  within  it,  by 
which  the  cord  is  finally  converted  into  a  tube.  From  this  circumstance 
the  entire  disease-process  gets  its  name  syringomyelia, 

Dissociated  anaesthesia  may  result  from  tumor,  hemorrhage  in  the  cen- 
tral gray  matter,  but  it  is  so  early  and  so  constant  in  gliomatosis  that  it 
is  commonly  spoken  of  as  syr%ngomy€lic  dissociation. 

As  the  neuroglia  mass  spreads  it.  causes  various  symptoms,  most  com- 
monJjr  thoae  of  progressive  muscular  atrophy  because  the  ventral  gray 
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horns  are  slowly  invaded.  In  chronic  poliomyelitis  it  is  usually  the  hands 
and  arms  that  are  atrophied,  the  cervical  and  upper  thoracic  part  o£ 
the  cord  being  the  commonest  seat  of  the  gliosis.  The  pain  and  tem- 
perature fibres  from  each  root-zone,  having  reached  the  opposite  margin 
of  the  cord,  turn  upward  to  form  the  column  of  Gowers.  This  column 
is  bounded  in  front  by  the  motor  root-zone,  behind  by  an  imaginary 
line  passing  transversely  through  the  central  canal.  A  lesion  such  as 
tumor  severing  the  column  of  Gowers  will  cause  dissociated  anaesthesia 
below  it  on  the  opposite  side  of  the  body.  Lateral  trauma  of  the  spine 
is  likely  to  sever  this  column,  with  a  similar  result;  but  practically 
such  a  trauma  always  implicates  also  the  crossed  pyramidal  tract,  causing 
motor  paralysis  on  the  side  of  the  lesion.  The  combination  of  motor  paral- 
ysis  on  one  side  of  the  body  and  sensory  paraly8is  on  the  opposite  sMe, 
"  Brown-S6quard's  paralysis,"  is  pathognomonic  of  unilateral  cord  lesion. 
In  Brown-S6quard'8  paraly8i8  touch  sense  is  usually  preserved  on  botb 
sides  of  the  body,  the  dorsal  columns  of  the  cord  escaping. 

10.  Miiscular  Sense. 

Normal  codrdination  depends  upon  several  factors,  any  one  of  whic!i 
being  defective,  incoordination  or  ataxia  may  result.  In  walking,  under 
normal  circumstances,  the  sensations  imparted  by  the  surface  control  to 
some  extent  the  movements,  and  the  absence  of  this  control,  as  in  the 
ansesthesia  of  tabes,  constitutes  an  element  of  ataxia.  Subconscious  sensa- 
tions from  the  joints,  muscles,  skin,  fascise,  together  with  appreciations 
of  weight  and  balance,  enter  into  the  special  kind  of  perception  designated 
the  muscular  sense — "sixth  sense''  of  Sir  Charles  Bell — and  defect  of  this 
sense  is  an  important  factor  in  most  forms  of  ataxia.  It  is  suppressed 
at  its  very  source  when  the  nerve-termini  in  joints  and  muscles  are  impli- 
cated  in  a  peripheral  neuritis,  and  this  causes  so  marked  an  ataxia  that 
such  cases  have  been  designated  peripheral  pseudotabes.  A  part  of  the 
ataxia  in  such  cases  of  peripheral  neuritis  may  be  due  to  ansesthesia  of 
the  skin.  The  ataxia  of  true  tabes  has,  to  some  extent,  this  same  periph- 
eral origin,  since  neuritis  is  a  part  of  the  disease,  but  it  has  a  more 
important  spinal  origin.  In  the  cord  many  muscular-sense  axons  pass 
up  the  dorsal  columns  in  company  with  the  touch-sense  axons,  and  here 
they  are  implicated  in  tabetic  degeneration.  Ataxia,  by  loss  of  muscular 
sense  and  by  ansesthesia  combined,  is  a  constant  symptom  of  lesion  of 
the  dorsal  columns. 

Muscular  sense  is  represented  in  the  cerebral  cortex  posterior  to  the 
motor  area,  being  associated  with  touch  sense  here  as  in  the  cord.  These 
two  senses  are  involved  when  the  hand,  unaided,  recognizes  an  object  held 
in  it  (stereognosis) ;  they  are  especially  combined  for  this  purpose  in  the 
superior  parietal  lobule,  and  loss  of  this  perceptive  power — astereognosis — 
18  most  commonly  due  to  lesion  in  that  area. 

Muscular  sense  guides  the  cerebellum  in  its  chief  function,  the  mainte- 
nance  of  equilibrium.  Fibres  delegated  to  this  function  from  the  root- 
»one  enter  the  base  of  the  dorsal  gray  horn  and  connect  with  the  cell- 
bodies  of  Clarke  and  Stilling  which  are  found  in  that  svt\i^t\ftw  \N\x^>\^žs\a>iN^ 
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the  cord  (Gordinier).  These  cell-bodies  are  the  beginning  of  superior 
tnuscular-scnse  ncurons;  their  axoiis  sweep  outward  to  the  margin  of  the 
cord  and  turn  upward  in  the  direct  cerebellar  tract,  the  terminus  of 
which  is  the  middle  lobe — vermis — of  the  cerebellum,  which  it  reaches 
by  way  of  the  inferior  cerebellar  peduncle — restiform  body,  Lesion  of 
this  neuron-sy8tem,  in  the  cord  or  in  the  cerebellum  (Barker),  causes  the 
dcfect  of  equilibration  called  cerebellar  ataxia. 

Assistance  in  coordination  is  derived  from  ali  the  senses,  conscioiisly, 
aH  when  the  tabetic  watches  the  ground  in  walking,  and  unconscioush% 
through  impulses  collected  in  the  cerebellum  from  the  eye,  cutaneous  sen- 
sations,  the  joint  and  muscle  surfaces  and  the  internal  ear.  Disturbance 
in  one  of  these  sensory  organs  may  cause  vertigo. 

The  internal  ear  is  virtually  two  organs,  having  distinct  functions, 
and  the  eighth  nerve  is  double  accordingly.  The  semicircular  canals  of  the 
vcstibulo  are  water-levels  telling  the  position  of  the  head,  as  muScular 
senso  does  that  of  the  limbs,  and  the  part  of  the  eighth  nerve  arising  thence 
oalle<i  the  vestibular  nerve  is  concerned  not  with  hearing  but  with  equili- 
bration.  It  connccts  with  its  superior  neurons  in  the  dorsomesal  nudeus 
to  pass  to  the  cerebellum. 

Lesion  of  any  part  of  the  vestibular  tract  from  the  internal  ear  to  the 
cerebellum  may  cause  vertigo,  as  in  Mčnidre's  disease. 

The  eighth  nerve's  division  into  two  is  clear  as  it  enters  the  pons,  the 
two  part>s  being  separated  by  the  inferior  cerebellar  peduncle.  The  outer  or 
cochlear  division  is  the  true  nerve  of  hearing.  It  enters  the  ventrolateral 
nucleus  ta  be  continued  by  fibres  that  cross  the  middle  line  of  the  pons, 
forming  the  trapezoid  bodv, — acoustic  decussation  (M.  Allen  Starr), — then 
pass  upwani  in  the  lateral  fillet,  and  by  way  of  the  postgeminum  and  post- 
geniculum  reach  the  auditory  centre  in  the  first  t^mporal  convolution. 

The  Stis:inata  of  Degeneration. 

Des^neration«  deseneracy»  deviation  are  terms  used  to  denote  in 
individuals  a  decline  from  the  average  normal  condition  in  physical  or 
moral  qualities.  This  decline  varies  in  degree  from  deviations  from  the 
normal  scarcelv  to  be  recogniieil  upon  the  mo6t  careful  studv,  to  the  pos- 
session  of  ph\-sical  and  moral  defects  which  render  the  subject  unfit  for 
the  orviinarv  duties  and  rcsjH^nsibilities  of  life.  and  are  obvious  to  the  casual 
ol^server.  It  is  acivmpanieil  by  ph\>dcal,  phvsiological  and  neuropsychic 
anomalie^  known  as  the  "stigmata  of  degeneration.*'  An  undue  impor- 
tAnce  has  doubtle;§s  In^n  ascribeii  to  these  anomalies  and  tbeir  combina- 
tions«  6g^jx>cially  to  those  of  minor  degree,  by  Lombroc90  and  his  foUower8; 
nevertheIo:?5?  their  consideration  is  of  practical  value  in  the  studv  of  diseases 
of  the  nervous  svstom  and  has  an  imjH-^rtant  bearing  upon  the  diagnosis 
and  prvMmosis  of  indiviviual  cas>e$  of  this  givup  of  affections.  Everv  sign 
of  doviation  fT\>m  the  averace  normal  is  not  necesssarilv  a  stigma  of  depen- 
erntion.  an.i  WalTon  has  sugge^tcsl  that  it  is  dosirahle  "to  name  the  phe- 
iK>n:ena  signs  of  deviation,  and  call  their  pos8»!Ssors  deviates  or  a  deviate 
as  th«"  ca:^'  mar  be,  Umiting  the  term  defeneration  onlr  to  sudi  deviatkmi 
m  obriouslr  implj  deieiioratioiu** 
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Etiolosrical  Clas^ification. — Walton  has  grouped  the  causes  of  the 
80-calIed  stigmata  of  degeneration,  including  the  signs  of  deviation  only, 
as  follows: 

I.  The  potential  variations  from  the  average  normal  contained  in  the 
parent  germ,  including  the  results  (a)  of  atavism,  (b)  of  parental  similarity, 
and  (c)  of  selective  tendency  on  the  part  of  the  ancestry. 

II.  Intra-uterine  infection. 

III.  Mechanical  injury  during  intra-uterine  life. 

IV.  The  absence  or  peculiarity  in  the  germ  of  certain  elements,  or 
their  disappearance  or  anomalous  development,  without  traceable  inherited 
tendency  or  other  known  explanation. 

V.  Mechanical  influence  exerted  during  infancy. 

VI.  Deleterious  influences  and  habits  in  the  ancestry,  productive  of 
enfeeblement,  undersize,  and  lessened  resistance  in  the  progeny  but  not  alter- 
ing  the  essential  potential  characteristics  transmitted  by  the  parent  germ. 

VII.  Absence  or  hypertrophy  of  certain  glands,  pituitary,  thyroid, 
which  have  a  nutritional  influence. 

VIII.  Arrest  of  development,  such  as  is  seen  in  harelip  and  similar 
defects. 

List  of  Stisrmata. — The  following  list,  compiled  from  Dana,  Church 
and  Peterson,  Walton,  and  others,  includes  the  more  important  deviations 
and  stigmata.  Those  which  are  of  minor  significance,  either  alone  or  in 
association  with  others,  as  indicating  actual  degeneracy,  are  placed  in 
middle  single  columns;  those  generally  recognized  as  stigmata  of  degen- 
eration, in  double  columns  at  the  sides. 


Anatomical  Stigmata. 

Anomalies  of  the  Cranium. 


Cranial  aBymmetry. 

Macrocephalus. 

Microcephalus. 

Platycephalu8. 
Oxycepnaliis. 

Leptocephalus. 

Plagiocephalus. 

Scaphocephalus. 

Trigonocephalus. 

Short  panetal  are. 

Short  fronta!  are. 

High  prominent  forehead. 

Anomalies  of  the  Face. 


Heavy  jawB. 

Lemurian  h^pophy8is. 

Orthognathism. 

Larse  frontal  sinuses,  small 

oroit. 
Great  or  unequal  prominence 

of  malar  hones. 


Prognathisin. 
Opisthognathism  or  retrogna« 

thism. 
Crania  progensea  (lower  teeth 

projectinp   beyond    upper, 

anci  infenor  maxillary  angle 

obtuse). 


Anomalies  of  the  Eye. 


Narrow  palpebral  fissure. 

Albinism. 
PSgmentary  retinitis. 

Mjcpia. 


Flecks  on  the  iris. 
Chromatic  a8ymmetry  of  the 
iris. 

Hypeniietropia. 


Microphthalmus. 


Congenital  cataracta. 
Muscular  in8ufficiency,  stra- 
bismus. 
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DeFORMITIES    OF   THE    PaLATE. 


High  and  naiTOw. 
Torus  palatinus. 
Dome-Bhaped. 
Hip-roofed. 


Horaeshoe. 
Gothic  arch. 
Flat-roofed. 
AsTmmetrical. 


Dental  Anomalies. 


Badly  set  and 

badly 

nour- 

Small  or  peg-ehaped  lateral 

ished. 

Double  rows. 
Adventitious  teeth. 
Double  crown. 
Macrodontism. 

incisore. 

Microdontism. 

• 

Projecting  teeth. 

Badly  placed    i 

[)r   misplaced 

Striated  tran8veT8ely. 

teeth. 

Hutchinson^s  teeth. 

• 

Anomalies  of  the  Noše. 


Defective  development  of 
cartilage  and  tissue  of  alffi. 


Deviation  of  noše. 


Absent  cartilages. 
Atresia  of  nasal  foesa. 
Defective    oeseous    develop- 
ment. 


Anomalies  of  the  Tongue  and  Lips. 


Macroeloasus. 
Microglossus. 
Bifidity  of  point. 
Harelip. 
Cleft  palate. 


Anomalies  of  the  Ear. 


Set  too  far  back. 

Absence  of  helix,  antihelix,  or 

lobule. 
Absence  of  fissura  intertrag- 

ica. 

Too  small. 

A8ymmetry  of  the  two  eare, 

general    anomaly  of  left 

(Blainville  ear). 


Exce88ively  long. 
Exce88ively  prominent. 
Set  too  close  to  the  head. 


Exce88ively  large  (ab8olutely 
or  relatively). 


Prominence  of  antihelix. 
Adherent  lobules. 


Set  too  low. 
Obliteration  of  markings. 

Too  conchoidal  (antihelij, 
crura,  etc.,  too  little  marked 
and  helix  like  rim  of  f  unnel). 

Lack  of  imiformity  in  widtb. 


Anomalies  of  the  Limbs. 


Left  arm  and  leg  longer  than 

right. 

Exce88ive  length  of  arms. 

Long  fingers. 

Polydactyly. 

Symphy8odactyly  or  achisto- 

Syndactyly  (web  fingen). 

dactylus    (joining    of    fin- 

gers).   • 

Ectrodactyly  (fingere  want- 

Amelus  or  ecromdus  (limb 

ing). 

wantiDg). 
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AnOMALIES    OF    THE    LiMBS. 


Phocomelus  (segment  of  limb 
wanting). 


Oligomelus  (exces8ive  gracil- 

ity). 


Megalomelus. 
Megalodactyly. 


01igodactyly. 


AnOMAUES    OF   THE    TrUNK    AND    GeNERAL    StRUCTURE. 


Hernias,  when  congenital. 

Malformation  of  breasta  and 
thorax. 

Dwarfi8m. 

Gigantism. 

Infantilism. 

Masculinism  in  women. 

Spina  bifida. 

Femininism  in  men. 

Feebleness  of  construction. 

Lordosis. 

Scolioeis. 

•Kypho8is  (Fere). 

Malformed  coccyx. 

Thoracic  asymmetry. 

Mammary  development  in 

Mammary  absence  or  redu- 

maleR. 

plication  in  females  (poly- 
mastia). 

Anomalies  of  THE  Genital  Organs. 


Small  or  deformed  genitalia. 

CryptorchiBmu8. 

Epispadias. 

Hermaphrodism . 

Hypospadia8. 

Deiect,  or  great  volume  of 

Toreion  of  prepuce. 

Labia  too  large  or  too  small. 

Labia  minora  hypertrophied. 

Folds 

between  labia  majora 

prepuce. 
Imperforate  meatus. 
Clitoris  lai^. 

Imperforate  vulva. 
Double  vagina. 
Atrophic  uterus. 

and  minora 

Labia  minora 

ticularly  in 

• 

pigmented, 
orunettes. 

par- 

Atresia  of  vagina. 
Uterus  bicomis. 

MuBCULAR  Anomalies. 


Dy8trophies. 

Depression  above  glabella  due 
to  overaction  of  corrugators. 


Unequal  innervation  of  facial 
muscles  on  the  two  sides. 


Anomalies  of  the  Skin. 


Glabrous  chin  (no  beard). 
Absence  of  nails  or  fetal  state 
of  nails. 

MoUuacum. 


Poly8arcia. 

Hvpertrichosis     (superfluous 

nair). 
Premature  grayne88. 
Precocious  and  abnormal 

hairy  development. 
Rudimentary  tail. 


Pigmented  or  vascular  nicvi. 
Pigmented  spots. 


Vitiligo. 
Melanism  of  skin. 


Ichthyo8is. 
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Physiolog:ical  Stigmata. 

Anomalies  of  Motor  Function. 


Lefthandedness. 
Retardation    of   leaming    to 

walk  and  talk. 
Nystagmu8  (congenital). 


Tremore. 
Epilepev. 

Tics. —  Facial    spasm,   habit 
chorea,  tic  convulsif. 


Anomalies  of  Sensort  Function. 


Deaf-mutism. 


Hvpersesthesia. 
Bundness. 


Nyctalopia  (day-blindnes8). 


Neuralgia. 

Migraine. 

Constitutional  headaches. 


Daltonism    (color  -  blindness, 

achromatopsia). 
Hemeralopia    ( night  -  blind- 
ness). 


Ansesthesia. 


Concentric  limitationof  visual 
fieid. 


Anomalies  op  Speech. 


Mutism. 


Stammering. 
Stuttering. 


Defective  speech. 


Anomalies  of  Genito-urinart  Function. 


8exual  irritability. 

Sterility. 

AmenorrhcBa. 


Impotence. 

Unnary  incontinenoe. 


Anomalies  of  Instinct  or  Appetite. 


Gluttony. 
Rumination. 


Merycism. 

Uncontrollable  appetitesCnar- 
cotics). 


Retardation  of  Pubertt. 


Deficient  Vital  Activitt  of  Organic  Functions. 


Weak  heart. 

Low  arterial  tension. 

Coldness  of  extremitie8. 

Flushing  of  extreinities. 

General  chills  and  flushes. 

Weak  digeetion. 

Constipation. 


Psychic  and  Psychoneurotic 

Stisrmata. 

Dementia  prscox. 

I  Compulsive  iiisaiuty. 

Mania  depressive. 

Melajicholia. 

Hvsteria. 

Hypochondria. 

Phobia, 

Pisvchopathic  eiidowiiient. 

Invalid  habit. 

Idiocy. 

Feeble-mindednefiB. 

£coentricity. 

Moral  delinquency. 

Steual  pervenioD. 

Precocity. 

OveiHlevelopment  of  oeiiaiB 

aptitudes. 
Ideo-ob>earive  tmnatitMlJM 

PvsiKMa. 

EKAMINATION  OF  THE  EVE, 


X. 

THE  EXAMINATION  OP  THE  EYE> 

General  Considerations. 

The  close  relationship  existing  between  the  eye  and  the  nervous 
Byst«in,  the  opportunitiea  fumished  by  tbe  fundua  of  the  eye  to  study 
changes  in  the  general  circulatory  sy3tem,  and  the  knowledge  that  disturb- 
ances  of  ocular  function  are  not  infrequently  the  underlying  cause  of 
8ysteinic  afTections,  render  a  8tudy  of  the  ocular  apparatus  of  extreme 
iraportatice  in  the  diagnosis  of  general  diseaae. 

It  must  be  remembered  that,  while  the  eye  is  the  organ  of  sight,  with 
its  own  special  function,  it  is  also  a  part  of  the  general  organism,  ia  influ- 
enced  by  the  status  of  the  whole  body,  is  disturbed  with  the  disturbance 
of  other  structures,  and  exhibits  in  a  marked  degree  affections  of  other 
organs  by  which  its  function  is  interfered  with. 

The  importance  of  the  thorough  analysLs  ofthe  ocular  complications  in 
ali  diseases,  particularly  in  affections  of  the  brain  and  epinal  cord,  is  well  rec- 
ognized.  An  examination  of  this  character,  to  be  effective,  must  be  systeraa- 
tized  in  order  to  determine  the  actual  conditions  underlying  an  affection  of 
wbich  the  eyes  furnish  the  chief  manifeatation ;  in  what  respect,  if  any,  the 
ocular  functions  are  abnormal;  and  finally,  the  true  inference  to  be  drawn 
from  these  disturbed  functions  in  the  diagnosis  of  systemic  affections. 

1.  Inspection:  The  position  of  the  eyeball8  in  relation  to  the  orbital 
bones  is  observed  to  determine  any  undue  prominence  or  recession  of  one 
or  of  both  eye8;  any  abnormality  of  the  eyelids  as  evidenced  by  tumors, 
general  swelling,  drooping,  inability  to  close  the  lids,  inverted  margina, 
size  of  the  commissure,  and  the  presence  of  crusts  or  aecretions  on  the 
margins;  congestion  of  the  blood-vessels,  or  granulationa  or  new  growths 
on  tbe  conjunctiva;  the  aize,  response  to  light  atimuli,  and  equality  or 
inequality  of  the  pupils,  and  variations  in  the  color  of  the  irides;  deviation 
of  the  viaual  axe3,  or  involuntary 
movement  of  the  eyeballs;  the  sensi- 
bility  of  the  cornea  or  its  loss  of 
tran8parency;  and  the  depthof  the 
anterior  chamber  and  any  turbidity 
of  its  fluid  contents. 

The  anterior  segment  of  tbe 
eyebaU  is  most  satisf actorily  atudied 
by  ohlique  illumination.  The  patient 
ia  placed  about  two  feet  from  the 
aource  of  illumination.  The  exam-  Fio,  I47.— Obiigue 
iner   focusses    the   light    upon   the  "  """  °"""- 

cornea  with  a  convex  lens  of  2-inch  or  3-inch  focus  held  between  the  thumb 
and  forefinger  of  the  right  hand,  and  studies  the  iliuminated  area  througb 
SDother  lens  of  similar  strength  held  between  the  thumb  and  foretinger  of  the 
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left  hand,  the  second  finger  raises  the  upper  lid,  and  the  little  finger  retiting 
upou  the  forehead  steadies  the  hand.  The  distance  of  the  second  lens  from 
the  eye  is  varied  slightly  to  bring  into  focus  the  cornea,  iris,  and  crystalHnc 
lens.  Opacities  of  the  cornea  or  lens,  aa  seen  by  oblique  illutnination, 
appear  as  gray  or  white  spots  upon  the  black  background  of  the  pupil. 

2,  Vision:  Decrease  in  the  normal  acuteness  of  viaion  of  each  eve 
as  measured  by  test  letters  for  near  and  far  is  to  be  noted;  the  historv  of 
the  decline,  and  its  association  with  pain  or  inflammation  of  the  extemal 
structurea;  any  departure  from  the  normal  field  of  vision  must  be  recorded; 
contraction  of  the  peripheral  limita  for  form  and  color,  areas  of  deficient  or 
lost  perception,  and  reversal  in  the  order  of  the  color  fields. 

3.  Ophthalhoscopic  Examination:  Two  methods  are  emp]oyed  in 
the  examination  of  the  deeper  structurea  of  the  eye  by  the  opbthalrao- 
Bcope — the  Direct  Method,  which  gives  an  upright  image  of  the  eyeground, 

and  the  Indirect,  in  whicb  the  image 
is  inverted.  In  both  the  patient  is 
seated  in  a  darkened  room  nith  his 
back  to  the  source  of  illumination, 
and  the  observer  is  to  the  eide  to 
be  examine<l.  By  the  direct  method 
the  examiner  approaches  close  to  the 
side  of  the  patient'8  head,  uaing  hig 
eye  corresponding  to  the  eye  under 
examination,  and  reflects  the  light 
by  means  of  the  ophthalmoscopic 
mirror  into  the  eye.  The  rBy8  from 
the  fundus  are  reflected  back,  and, 
passing  through  the  opening  in  the 
mirror  enter  the  observer'8  eye,  giv- 
ing  an  upright  image  of  the  eyeground.  The  optic  nerve  is  beat  »een 
when  the  patient  looks  at  a  distant  object  to  the  side  and  beyond  l*e 
ob9erver's  head.  The  foveal  region  is  brought  into  view  wbcn  the  patient'8 
gaze  is  directed  into  the  aperture  of  the  mirror.  By  the  indirect  method 
the  observer,  aboiit  15  to  20  inches  in  front  and  to  the  side  of  the  patient, 
reflects  the  Hght  through  a  convex  lens  of  about  2-inch  focus  held  at 
its  foc.ll  length  from  the  eve,  and  secures  an  acrial  image  focussed  by 
the  Btrong  glass.  In  čase  the  details  of  the  fundus  are  not  at  first  p]ainly 
seen  the  object  lens  is  slightlv  advanceil  or  withdrawn  from  the  ej-e. 
Strain  on  the  oxanuner'8  accommodation  is  rclicved  by  a  +4  D,  lens 
rotatcd  bofore  the  sipht-hole  of  the  ophthalmoscO)>c. 

The  normal  eve  prcsents  nianv  variations  from  the  typically  pictured 
fundus.  and  extcnde<l  expcricnce  is  necos.=ary  to  dlstinguish  the  variations  in 
health  from  the  changes  wruught  by  diseasc.  The  color  of  the  fundus  reflex  is 
a  bright  pink  or  red,  ilue  to  the  reflected  light  from  the  choroidal  vessels  and 
the  pigment  of  the  retina  and  choroid.  In  the  ncgro  the  rcflex  is  grayish.  be- 
cause  of  the  ahsorption  of  the  light  ravs  by  t  hc  abuntlant  pigment.  The  optic 
disk.  or  nerve  head,  liea  to  the  nasal  side  of  thepcisterior  pole,  and  is  roundor 
oval,  with  clear  cut  e<lgea,  often  fringed  with  choroidal  pigment.  The  nen'e 
iS  often  cupped  in  the  centre,  at  which  point  the  central  artery  and  vein 
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p«sa:  The  artery  and  vein  divide  into  two  main  branches,  and  these  sub- 
divide  into  the  numerous  smaller  vessels.  The  fovea,  with  its  central 
yeUow  spot,  18  the  most  eensitive  part  of  the  retina.  It  is  aboiit  3  min. 
to  the  temporal  aide  of  the  nerve,  and  U  darker  than  the  rest  of  the  retina. 
In  this  region  no  blood-vessels  are  to  be  seen  by  the  ophthalmoscope. 

4.  Pain:  The  character  of  the  pain  should  be  known,  ita  situation,  ita. 
dependence  on  the  use  of  the  eye3,  and  its  association  with  tendernesB  in 
the  re^on  of  the  orbit,  particularly  at  the  points  of  exit  of  the  supra-orbital 
OT  infra-orbital  nerves. 

5.  Headache  is  one  of  the  most  prominent  8yniptom3  of  eyestrain.  It 
is  dull  and  heavy,  uBually  bilateral,  increased  by  appUcation  to  close  work, 
riding  in  čara  and  shopping,  and  sometimee  accompanied  by  pain  in  the  eye- 
balls.  It  is  to  be  dietinguished  from  the  sharp  periodic  attaeks  of  pain 
characteristic  of  neuralgia  of  the  first  and  second  divisions  of  the  5tb  nerve. 

Affections  of  the  nasal  tissues,  as  deflections  of  the  septum  and 
purulent  coUections  in  the  frontal  sinus,  cause  headache  which  resem- 
bles  that  of  eye8train.  The  diag- 
nosis  of  nasal  and  sinus  headache 
is  made  by  its  longer  duration,  its 
association  with  manifest  Bymptoms 
of  nasal  trouble,  and  its  independ- 
ence  of  use  of  the  eyefl. 

Astbenopia  from  general 
muscle  weaknes8  ia  present  diiring      »,  ■      ^\   ii   p--       -^      ^/i,i( 
convalescence  from  acute  fevere  or        *^-V^M   m  /rif 

prolonged  illnesses,  and  attempte  at  '™  ' 

reading  are  often  followed  by  head-  ''«'■  '*"™?b^'.'^rtSS^'Sr^'8^'ir ' 
ache,  blurring  of  sight,  and  pain  in 
the  eye8  and  head.  De>Jchweinit2  refers  to  a  peculiar  form  of  asthenopia  seen 
after  the  pre8byopic  age,  most  frequently  in  women,  which  is  not  relieved 
by  glasses  or  treatment  of  muscular  anomalies.  These  patients  present 
the  ordinary  Bymptoros  of  neurasthenia,  doubtless  the  outcome  of  begin- 
ning  arteriosclerosis,  and  proper  testa  U9ually  show  high  arterial  tension, 
which,  if  reduced  by  appropriate  dietetic  and  medicinal  measures,  will 
caiise  a  disappearance  of  the  asthenopia. 

6.  Photophobia  is  a  8ymptom  of  afTections  of  the  comea  and  iria, 
of  a  few  diseaaes  of  the  retina,  and  in  many  cases  of  uncorrected  refractivo 
errors  and  muscular  anomalies.  As  an  iaolated  Bymptom  it  poseeasea 
little  importance  in  arriving  at  a  difTerential  diagnosis  of  ocular  aSections. 

7.  Epiphora:  Increase  in  the  flow  of  tears  ia  seen  in  exophthalmic 
goitre,  in  certain  afTections  of  the  central  nervous  8y8tem  (locomotor 
ataxia),  and  in  obstruction  of  the  Iachrymal  duct. 

The  Eyeball  and  Orbit. 

Protruslon  of  the  eyeball — exophthalmos,  proptosis — may  be  caused 
bgr  tumon,  aneurisms,  hemorrbage,  eiostoses,  or  inflammations  originating 
in  or  eztending  to  the  orbit  from  the  adjacent  sinusea ;  by  orbita!  cellulitiSv 
sinila  thrombusis,  and  paralysis  of  the  ocular  muauVea. 
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Bilateral  exophthaliuo6,  varying  from.  a  slight  prominence  of  the 
eyeballs  to  a  protrusion  that  prevents  the  dosure  of  the  eyelids  with  no 
inflaminatory  signs,  is  found  in  exophthalmic  goitre.  Widening  of  the 
palpebral  iissure  from  nervous  affeetions..  and  from  the  instillation  of 
cocaine,  with  undue  expo8iire  of  the  sclera,  will  give  the  impression  of 
exophthalmos. 

Proptosis  assoeiated  with  deep-seated  pain  upon  attempts  to  move  the 
eyeball,  limited  or  eomplete  immobility  of  the  globe,  and  swelling  and  (Bdema 
of  the  eyelids,  whieh  may  be  so  great  as  to  prevent  opening  of  the  lids, 
oecurs  in  thrombosis  of  the  eavemous  sinus.  Inflammations  in  the  orbit, 
facial  erysipelas,  with  infection  carried  to  the  sinus  by  the  faeial  and 
ophthabnie  veins,  infective  iniiammation  of  the  tonsils,  nasal  eavities  and 
aecessory  sinuses  may  be  eausative  faetors.  The  symptoms  are  gradual  in 
their  development,  affeeting  at  first  one  eye,  later  the  other.  Inflammatory 
exophthalmos  is  also  found  in  orbital  eellulitis  due  to  growths  or  infection 
from  adjacent  sinuses,  and  rarely  after  scarlet  fever,  typhoid  fever,  and 
influenza. 

Sudden  exophthalmos  in  inf ants,  with  the  eyeballs  turned  down,  may  be 
due  to  scurvy.  The  protrusion  may  be  moderate  at  first  and  inerease  during 
24  hours  and  be  assoeiated  at  its  height  with  thickening  and  ecchyinosi8  of 
the  upper  lid.  The  subperiosteal  hemorrhage  to  which  the  affection  is 
due  may  affect  both  orbits,  but  unequally.    The  eyeball  is  freely  movable. 

Pulsating  exophthalmos,  U8ually  unilateral,  most  frequently  follows 
traumatism,  and  is  found  in  arteriovenous  aneurism  of  the  internal  carotid 
and  eavemous  sinus  or  aneurism  of  the  ophthabnie  artery. 

Abscess  of  the  frontal  sinus  may  cause  displacement  of  the  eyeball 
downwards  and  outwards,  \vith  diplopia.  In  purulent  disease  of  the  frontal 
and  ethmoidal  sinuses  a  small  fluctuating  swelling  may  appear  at  the  upper 
and  inner  angle  of  the  orbit,  which  breaks  and  discharges  pus.  Oradual 
displacement  of  the  eyeball  f orward  may  be  the  result  of  an  orbital  tumor 
within  the  cone  of  muscles. 

Exophthalmic  Ooitre. — One  of  the  earlier  signs  is  lagging  of  the  upper 
lid  when  the  eyes  are  slowly  rotated  downwards  (Graefe's  sign).  There  is 
also  imperfect  power  of  winking  (Stellwag's  sign) ;  retraction  of  the  upper 
lid  and  widening  of  the  palpebral  fissure  (Dalrymple's  sign),  and  imperfect 
power  of  convergence  of  the  eyes. 

Involuntary  resistance  to  eversion  of  the  upper  eyelids  may  be  one  of 
the  earliest  symptoms  of  Graves's  disease.  It  tends  to  disappear  with  the 
development  of  the  disease,  and  is  explained  by  hyperexcitability  of  Miiller's 
muscle  through  the  sympathetic.  Swelling  of  the  tissues  between  the  eyebrow 
and  eyelid  is  an  early  diagnostic  sign  of  the  disease. 

Retraction  of  EyebaU. — Enophthalmus,  or  sinking  of  the  eye  into  the 
orbit,  oecurs  in  some  instances  in  extreme  emaciation  from  absorption  of 
orbital  fat,  in  paralysis  of  the  8ympathetic,  in  facial  hemiatrophy,  and 
from  traumatism.  Traumatism  in  the  vicinity  of  the  orbit  is  aometimes 
f  ollowed  by  an  actual  enophthalmus,  which  may  be  immediate,  or  be  delayed 
f  or  several  week8  or  months. 

Nystaginus  is  a  series  of  involuntary,  regular,  and  rapid  oseinations 
ot  the  eye^    Tbeae  movementa  may  be  honzontal,  vertical,  or  rotary,  or 
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a  combination  of  ali  three.  Unilateral  nystagmiis  is  rare.  The  lateral  oscil- 
lation  is  the  most  common.  Congenital  nystagmus  is  f ound  in  children  witii 
congenital  cataract,  dense  central  comeal  opacity,  or  imperfeetly  developed 
eyeballSy  central  choroiditis,  and  in  albinism.  Miner 's  nystagmus  is  an 
acquired  form,  probably  due  to  the  prolonged  upward  inclination  of  thc 
eyes  in  semi-darkness.  Nystagmus  may  be  a  symptom  of  irritation  or 
diseases  of  the  inner  ear,  of  tumors  of  the  cerebellnm,  miiltiple  sclerosis, 
hereditary  ataxia,  and  of  »yringomyelia. 

In  multiple  sderosis  and  in  bereditary  ataxia  nystagmus  occurs  oiily 
when  the  eyes  are  tumed  in  the  direction  of  a  moving  object,  and  particularly 
as  the  eyes  reach  the  limit  of  their  rotation  in  the  lateral  plane.  A  slight 
nystagmus  is  occasionally  found  in  hysteria. 

Tension« — ^In  the  normal  eyeball  the  tension  of  the  globe,  as  measured 
by  the  pressure  of  the  two  index  iingers  upon  the  sclera  through  the  closed 
lid,  presents  a  uniform  resistance.  Increase  in  the  intra-ocular  tension 
occurs  in  acute  glaucoma,  in  some  forms  of  iridocfyclitis,  irritation  of  the 
cervical  8ympathetic,  intra-ocular  tumors,  and  occasionally  after  traumatism. 
Lowered  tension  may  result  from  degeneration  of  the  ciliary  body  and 
choroid,  rupture  of  the  globe,  detachment  of  the  retina,  diabetic  coma,  and 
after  operations. 

The  Eyelids. 

Marginal  Inflammatioii. — Red  and  swollen  lid  margins,  associated  with 
heaty  burning  and  photophobia,  are  seen  in  persons  exposed  to  cold  winds  and 
dust,  in  children  affected  with  nasopharyngeal  inflammation  following 
meades,  and  as  a  result  of  the  strain  of  uncorrected  refractive  errors.  In 
severe  types  of  the  disease  the  lid  margins  are  covered  with  crusts  which, 
upon  removal,  eipose  uleers  extending  deep  into  the  border. 

Bedness  and  itching  of  the  lid  margins  in  children  may  be  due  to  the 
presence  of  the  pediculus  pubis  in  the  eyelashes.  Close  examination  will 
show  the  eggs  upon  the  cilia,  and  the  parasite  partly  buried  in  the  hair 
folliele. 

Inversion  of  the  lashes  or  of  the  lid  border  is  most  commonly  caused 
by  chronic  inflammation  of  the  palpebral  conjunctiva.  The  irritation  of  the 
cilia  leads  to  inflammation  and  haziness  of  the  comea.  Eversion  of  the  lid 
raay  follow  burns  or  wounds,  with  subsequent  cicatricial  contraction  of  the 
skin;  appears  as  a  senile  condition,  from  loss  of  muscle  power;  or  accom- 
panies  facial  palsy.    The  lower  lid  is  most  frequently  aff^ected. 

(Edema  of  the  lids  accompanies  severe  inflammation  of  the  conjunctiva, 
purulent  disease  of  the  eveball  or  orbit,  infection  of  the  cavemous,  frontal 
or  ethmoidal  sinuses,  and  in  general  aifections  like  nephritis  and  gout. 

Localized  swelling  of  the  eyelids  and  conjunctiva,  with  or  without 
vascular  changes  of  the  eveball,  is  seen  in  neuroHc  cpdema,  urticaria,  and 
disease  of  the  antnim,  or  mav  be  due  to  errors  of  diet.  The  swelling  may 
be  sufficient  to  completely  close  the  eye,  and  is  accompanied  by  itching 
and  burning.    In  a  few  day8  the  parts  return  to  the  normal. 

A  localized  painful  swelling  of  the  lid  and  discoloration  of  the  skin 
xnay  be  either  a  8tye  (hordeolum)  or  an  abscess  of  the  lid  (pfci€gmotl^ .  T^<^ 
pain  18  severe  and  k  trequently  accompanied  \>y  «we\\Vii^  ol  \2ci!^  %Ti\xt^>&&. 
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and  oedema  of  the  conjunctiva.  Styes  are  situated  in  the  connective  tissne 
near  the  lid  margin  and  are  apt  to  recur  in  persons  with  deranged  bodiljr 
funetions,  and  in  those  who  suffer  f rom  uncorreeted  refraetive  errors. 

Swelling  of  the  lid,  appearing  suddenly  after  injury,  and  increasing 
upon  blowing  the  noše,  the  soft  mass  craekling  on  pressure,  is  caused  by 
the  presenee  of  air  which  has  eseaped  into  the  cellular  tissue  through  a 
fracture  of  the  orbital  wall  (emphysema). 

Inflammation  of  the  tarsus  (tarsitis),  usually  monoeular,  may  be  syphi- 
litic,  gouty  or  tubereular.  The  lid  is  8Wollen  and  drooping  and  cannot  be 
raised  by  the  levator  palpebrarum  musele. 

Sebaceous  cystsoecur  both  on  the  eyelids  and  in  the  eyebrow.  Acciunu- 
lations  of  sebum  appear  as  small  yellowish  elevations  which  develop  about 
the  age  of  puberty,  and  are  due  to  improper  čare  of  the  skin  or  to  gastro- 
intestinal  disorders.  MoUuseum  contagiosum  is  a  disease  of  the  sebaceous 
glands  whieh  oceurs  among  ill-nourished  children.  It  is  characterized  by 
waxy-colored,  rounded  papules,  the  size  of  a  pea. 

Erysipelas  attacks  the  lids  by  extension  from  the  adjoining  skin  of 
the  face.  The  shiny,  dusky  swelling,  with  8ubsequent  development  of 
small  vesicles,  serves  to  distinguish  it  from  other  aif ections.  Severe  attacks 
may  affect  the  orbital  tissues  and  cause  optic  nerve  atrophy  and  fatal 
meningitis. 

Syphilis. —  The  primary  lesion  most  frequently  oceurs  at  the  lid  border, 
near  the  inner  canthus.  The  ulceration  and  induration  present  the  typical 
features  of  a  chancre.  It  may  be  mistaken  for  an  epithelioma,  but  the 
improvement  under  antisyphilitic  treatment  clears  up  the  diagnosis.  Tarsitis 
oceurs  sometimes  in  the  secondary  stage. 

Herpes  Zosten — Violent  paroxysmal  pain,  associated  with  a  vesicular 
eruption  on  the  skin  of  the  lid,  forehead  and  occasionally  the  side  of  the 
noše,  is  indicative  of  herpes  zoster  ophthalmicus.  The  vesicles  vary  in  size, 
have  an  inflamed  base,  and  are  situated  over  the  region  supplied  by  the 
first  and  second  division  of  the  fifth  nerve.  Comeal  ulcers,  iritis  and 
muscular  palsies  show  ocular  involvement.  Depressed  nutrition  is  a  common 
cause. 

Xanthelasma. — Yellowish  irregular  shaped  patches  of  connective  tissue, 
with  fatty  degeneration,  located  in  the  upper  eyelids  near  the  intemal 
canthus,  are  tevmed  xanthelasma.  Rarely  they  form  on  the  lower  lids.  The 
grovvth  is  probably  due  to  local  ill  nutrition. 

Chalazion. — A  small  round  elevation  of  either  the  upper  or  lower  lid, 
of  slow  growth,  with  the  skin  freely  movable  over  the  hardened  tumor,  and 
a  purplish  diseoloratiou  of  the  surface  of  the  conjunctiva  immediately  be- 
neath,  is  termed  a  chalazion.  It  is  due  to  inflammation  of  a  Meibomian  gland, 
with  retention  of  the  secretion.  Inflammation  of  the  lid  margins  and  the 
strain  of  ametropia  may  be  causative  factors. 

Inflammation  of  the  Lachrymal  Sac. — A  small  tumor  near  the  inner 
angle  of  the  lower  lid  over  the  lachrymal  sac,  which  disappears  upon  pres- 
sure,  with  the  eseape  of  a  viscid  mucus  through  the  puncta,  is  due  to  catarrhal 
inflammation  of  the  sac.  A  similar  condition  oceurs  in  the  new-bom  from 
congenital  atresia  of  the  lacrimonasal  dnct.  Suppuration  with  severe  pain, 
and  intense  sw€lling  and  redneas  of  the  akm.  may  occvir.   In  both  the  ehitmic 
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and  acute  f orms  the  tears  flow  over  the  cheek.  A  swelling  at  the  upper  and 
inner  angle  of  orbit,  dne  to  sinus  disease,  may  be  mistaken  for  lachrymal 
abscess. 

Ptosis. — Drooping  of  the  eyelid,  partially  or  completely  covering  the 
eornea,  may  be  either  congenital,  or  due  to  injury  to  the  levator  muscle,  to 
thickening  of  the  tissues  of  the  lid,  to  paralysis  of  the  third  nerve,  or  to 
paraly8is  of  the  sympathetic.  A  form*of  hy8terical  ptosis  due  to  spasm  of 
the  orbicularis  muscle  has  been  deseribed. 

Lagophthalmos,  or  inability  to  close  the  eyelid,  may  be  congenital, 
but  is  usually  an  accompaniment  of  paralysis  of  the  facial  nerve.  Marked 
protrusion  of  the  eyeball,  mechanieally  preventing  closure  of  the  lid,  is 
seen  in  orbital  tumors,  exophthalmic  goitre,  and  in  eorneal  staphyloma. 

Blepharospasm,  or  an  involuntary  contraetion  of  the  eyelids,  may 
vary  in  degree  from  a  slight  twitehing  of  a  few  of  the  fibres  of  the  orbicu- 
laris to  a  tonic  spasm.  In  its  simplest  form  it  is  due  to  uncorrected  refrac- 
tive  errors,  inflammation  of  the  lid  borders,  and  eorneal  and  conjunctival 
irritation.  Obstinate  cases  of  cramp  of  the  orbicularis  arise  from  reflex 
irritation  of  the  fifth  nerve,  through  some  remote  cause  that  it  is  often 
difficult  to  determine.    It  is  occasionally  a  hysterix;al  manifestation. 

Conjunctiva  and  Sdera. 

The  wliite  of  the  conjunctiva  changes  to  a  duU  yellow  in  so-called  bilious- 
ness,  and  to  a  pronounced  brownish-yellow  color  in  icterus.  In  ancemia, 
tuberculosis,  and  nephritis  the  conjunctiva  may  become  pearly  white. 

Inflamination. — The  normal  conjunctiva  is  coursed  by  a  few  small 
blood-vessels  which  arise  from  the  deep  furrow  where  the  membrane  is 
reflected  to  the  under  surface  of  the  lids.  Bedness  is  the  resultof  a  marked 
increase  in  the  number  of  blood-vessels  from  inflammation  of  the  conjunc- 
tiva, or,  as  this  membrane  covering  the  eyeball  is  transparent,  to  congestion 
of  the  deep  sclera  beneath. 

Hyperffimia  of  the  conjunctiva  is  seen  in  measles,  scarlet  fever,  hay 
fever,  influenza,  nasal  catarrh,  the  strain  of  uncorrected  refractive  errors 
and  from  exposure  to  wind,  dust,  and  bright  light  and  heat  The  con- 
junctiva is  often  inflamed  in  facial  paralysis,  owing  to  the  inability  of  the 
lids  to  protect  the  globe  from  external  irritants.  The  presence  of  a  f oreign 
body  on  the  conjunctiva  or  cornea  causes  many  of  the  characteristic  symp- 
toms  of  an  acute  catarrfaal  conjunctivitis. 

The  ordinary  conjunctival  inflammations  are  unattended  with  severe 
pain,  but  are  accompanied  with  a  mucous  or  mucopurulent  discharge.  In 
inflammation  of  the  sclera,  the  affected  area  is  seen  to  be  beneath  the  loose 
conjunctiva,  while  in  disease  of  the  iris,  ciliary  body  or  cornea,  a  ring  of 
fine  straight  vessels  surrounds  the  eorneal  border.  In  these  latter  affections, 
pain  is  often  quite  severe.  Since  the  conjunctiva  may  be  also  inilamed  in 
disease  of  these  deeper  structures,  a  diagnosis  cannot  be  made  by  the 
appearance  of  congestion  only. 

A  type  of  contagious  conjunctivitis  (acute  eontagious  conjunctivitis) 
is  due  to  the  Koch-Weeks  bacillus  or  to  the  pneumococcus.  A  subacute 
form  of  conjunctival  inflammation,  which  may  occur  m  «^\dL^m\^  ^.^Ttci/^^ 
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caused  by  the  diplobacillus  of  Morax  and  Axenfeld.  Severe  inflammation, 
with  swelling  of  lids,  infiltration  of  the  eonjunctiva,  and  a  purulent  dis- 
charge,  occurs  from  the  entrance  of  infeetion,  usually  the  gonococci,  into 
the  eye8  of  the  ehild  from  the  birth  eanal  (ophthalmia  neonatorum).  A 
similar  form  of  inflammation  follows  the  entrance  of  gonorrhoeal  pus  into 
the  conjunetival  sac  of  the  adult  (gonorrhoeal  conjunetivitis).  A  purulent 
eonjunctivitis  may  occur  in  young  girls  under  10  years  of  age  who  have  a 
vaginal  discharge.  Usually  this  discharge  contains  a  few  gonococci.  In 
institutions  the  disease  frequently  becomes  epidemic.  A  vaginal  discharge 
in  children,  which  does  not  contain  gonococci,  may  cause  a  mild  conjunetivitis. 

Diphtheria  of  the  eonjunctiva  is  rare.  A  membrane  forms  on  the 
surface  of  the  eonjunctiva,  presenting  the  same  characteristics  as  that  found 
in  the  throat.  A  pseudomembranous  conjunetivitis  may  be  due  to  the 
pneumococcus  or  to  streptococcus  infeetion,  and  to  some  of  the  other  micro- 
organisms  found  in  the  ordinary  types  of  inflammation. 

Roughness  or  elevation  of  the  eonjunctiva  of  the  lids  may  indicate 
trachoma  or  vernal  catarrh.  Distended  and  tortuous  vessels  in  the  eon- 
junctiva may  be  due  to  constipation,  auto-intoxication,  chronic  alcoholism 
or  lithaemia. 

Single  or  multiple  blebs  appear  on  the  eonjunctiva  in  badly  nourished 
children,  often  after  measles.  Eczema  of  the  nares  and  disease  of  the 
nasopharynx  are  usually  coexistent. 

Hemorrhage  beneath  the  eonjunctiva  appears  in  injuries  of  the  head, 
and  also  in  severe  compression  of  the  abdomen  or  thorax.  It  is  not  uneommon 
in  whooping-cough,  after  severe  vomiting,  and  in  obstinate  constipation,  the 
straining  causing  a  nipture  of  one  of  the  conjunetival  vessels.  Spontaneous 
hemorrhage  in  the  aged,  especially  if  recurrent,  should  direct  attention  to 
the  possibility  of  disease  of  the  blood-vessels  and  to  nephritis. 

Uric  acid  deposits  are  frequently  found  in  the  eonjunctiva  of  the 
lids  of  goutv  individuals. 

Tumors  and  cysts  of  various  kinds  may  appear  in  the  eonjunctiva  of 
the  eyeball.  Small,  yellowish  elevations  are  found  near  the  comea,  usually 
at  the  inner  portion,  but  are  of  little  significance.  A  fleshy  fan-shaped 
growth  is  often  seen  in  persons  past  40  years  whose  eyes  have  been  sub- 
jected  to  long  exposure  to  wind,  dust  or  sand.  The  usiial  situation  is  over 
the  internal  rectus  muscle,  the  apex  often  extending  upon  the  cornea.  M(^ 
of  the  malignant  gro\vths  appear  at  the  junction  of  the  sclera  and  cornea. 

Inflammation  of  the  sclera  is  found  in  association  with  the  rheumatic 
and  gouty  diathesis,  tuberculous,  intestinal  disorders  and  in  8yphilis.  Tu- 
berculous  scleritis  is  secondarv  to  disease  of  the  anterior  uveal  tract,  and  is 
associated  with  eorneal  inflammation.  In  the  superficial  form  of  inflamma- 
tion (episcleritis)  there  is  usuallv  a  circumscribed  area  of  purplish  discolora- 
tion  beneath  the  eonjunctiva,  most  frequently  in  the  region  of  the  extemal 
rectus  muscle,  and  slightly  raised  above  the  healthy  sclera.  In  disease  of 
the  true  sclera  (scleritis)  the  inflammation  may  affect  the  entire  anterior 
portion,  and  extend  to  the  cornea,  iris,  and  eiliary  body.  Affections  of 
sclera  are  distinguished  from  eonjunctivitis  by  the  engorgement  of  the 
deeper  vessels,  the  purplish  color,  the  severe  pain,  the  absence  of  discharge, 
and  tbe  freguent  relapses. 
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Cornea. 

Keratitis. — The  comea  is  subject  to  both  ulcerative  and  non-ulcerative 
affections. 

Ulcerative  Keratitis. — Loss  of  sensibility  of  the  cornea,  with  subse- 
quent  iileeration  and  destruction,  is  found  in  affections  of  the  trunk  of  the 
fifth  nerve  or  of  its  ganglion,  or  after  removal  of  the  latter  for  trifacial 
neuralgia.  The  corneal  affection  is  due  to  a  trophic  change  in  the  membrane 
and  to  the  irritation  of  foreign  substances,  which  are  not  recognized  by 
the  insensitive  comea. 

A  severe  type  of  corneal  ulceration,  which  may  progress  to  perforation, 
is  found  in  association  with  herpes  of  the  region  about  the  eyes,  particularly 
of  the  lachrymal  branch  of  the  trifacial.  The  disease  is  preceded  by  severe 
buming  and  neuralgic  pain,  in  isolated  spots,  upon  which  are  developed 
the  characteristic  vesicles. 

PHLTCTiENULiAR  Keratitis. — Small  blebs,  later  forming  ulcers,  occur 
on  the  cornea  or  at  the  scleral  junction  in  strumous  children,  and  are  asso- 
ciated  with  inflammatory  diseases  of  the  nasal  passages,  often  following 
the  exanthematoiis  fevers.  Eczema  about  the  nares  is  usually  coexi8tent 
Abscess  and  ulceration  may  occur  in  measles,  smallpox,  scarlet  fever  and 
other  infections.  Exophthalmic  goitre  may  give  rise  to  extensive  ulceration 
owing  to  constant  exposure  of  the  comea.  Severe  ulceration  of  the  centre 
of  the  comea  may  follow  the  exhaustion  of  a  prolonged  diarrhoea,  dysentery, 
or  other  debilitating  illness  in  the  aged. 

Interstitial  Keratitis. — Inflammation  of  the  deeper  layers  of  the 
comea,  without  ulceration,  is  frequently  seen  in  children,  between  5  and 
15  years  of  age,  who  have  inherited  syphilis,  and  also  in  tubercular,  scrofu- 
lous,  and  other  poorly  nourished  individuals.  In  its  earliest  stage  the  con- 
gestion  surrounding  the  cornea  is  of  the  deep  vessels,  there  is  dread  of 
light,  and  close  examination  shows  a  fine  dot-like  infiltration  of  the  inter- 
stitial layers  of  the  comea,  which  later  coalesce  into  the  typical  bluish 
white  haziness.  The  affection  is  bilateral,  although  months  may  elapse 
before  the  second  eye  is  affected. 

Arcus  Senilis. — An  are  of  fatty  degeneration  within  the  cornea,  but  with 
a  clear,  narrow  band  of  corneal  tissue  separating  it  from  the  sclera,  Ls  present 
in  the  eyes  of  persons  of  advanced  years,  although  it  is  sometimes  seen 
before  middle  life.  It  possessi^s  no  significanee.  A  senile  atrophy  of  the 
margin  of  the  cornea  has  becn  described  in  association  with  arcus  senilis. 

Partial  insensibility  of  the  cornea  is  seen  in  cxophthalmic  goitre,  and 
its  presence  probablv  explains  a  number  of  the  other  eye  svmptoms. 

The  Iris  and  Pupil. 

Pigmentation. — Slight  variation  in  the  pigmcntation  of  the  irides  is  not 
uncommon  in  health.  but  dilTerence  in  color  is  rarp,  except  in  disease.  A 
yellow  green  color  of  one  iris,  while  the  other  is  hlue  or  brown,  is  an  early 
evidence  of  inflammation  of  the  iris  and  ciliary  body.  It  also  occurs  as  a 
congenital  condition,  and  the  eve  with  the  lighter  colored  iris  often  later 
develops  cataract.  Retained  metallic  foreign  bodies  often  cause  the  ir\a  ti^ 
asBume  the  browDi8h  hue  to  which  the  term  BideroHia  \&  ^\ei\.    \tv^^tcixcv&20v^xl 
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of  the  iris  occurs  in  sjphilis,  rheumatism,  gout,  tuberculosis,  diabetes,  and 
from  injuries,  primarily  in  one  eye,  or  in  the  fellaw  eye  from  STmpathj. 
It  is  accompanied  by  irregularity  and  contraction  of  tiie  pupil,  injection 
of  the  pericorneal  vessels,  and  f  rontal  pains,  usually  worse  at  night.  Swelling 
in  the  stroma  of  the  iris  is  a  sign  of  tertiary  8yphilis.  Sarcoma,  as  a  primary 
disease,  is  rare. 

The  Pupil. — Variations  in  the  size  of  the  pupil  occur  under  the  influ- 
ence  of  light,  and  in  convergenee  and  aeeommodation.  The  average  size 
of  the  pupils,  in  diffuse  daylight,  with  the  eyes  fixed  on  a  distant  point, 
is  4  mm.  Careful  tests  of  changes  in  the  pupils  are  of  importance  in  the 
diagnosis  of  general  affections,  particularly  of  the  nervous  system. 

The  norinal  reactions  are  as  f ollows : 

1.  DiRECT  Reaction. — If  oue  eye  is  exeluded,  and  the  patient  direeted 
to  fix  a  distant  object,  the  pupil  of  the  exposed  eye,  when  eovered  by  the 
hand  or  card,  will  dilate.  Upon  removal  of  the  cover  it  will  contract  to 
its  previous  size. 

2.  iNDmECT  Reaction  (Consensual  Replex). — If  one  eye  is  shaded, 
the  other  pupil  will  dilate  equally  with  the  shaded  pupil,  to  again  contract 
when  the  shade  is  removed.  Normally  the  two  pupils  should  be  of  equal 
size,  whether  one  or  both  is  eovered  or  uncovered. 

3.  Associated  Reaction  (Replex  to  Accommodation  and  Conver- 
gence). — The  patient  is  direeted  to  look  into  the  distance  and  then  converge 
the  eyes  on  a  point,  such  as  a  pencil,  held  about  5  inches  from  the  eye.  The 
pupils  contract  under  the  infiuence  of  the  convergenee  and  accommodation. 

4.  Sensorv  Reaction  (Skin  Reflex). — Stimulation  of  the  sensory 
nerves  of  the  skin,  by  pinching  the  skin  of  the  neck,  or  by  the  passage  of 
a  faradic  brush  along  the  spine,  causes  slight  dilatation  of  the  pupils. 

5.  Orbicul.vris  Pupillarv  Reaction  (Lid-closure  Refij3x). — Con- 
traction of  the  pupils  occurs  upon  forcible  efforts  to  close  the  lids. 

6.  Drug  Reaction. — Dilatation  of  the  pupil  (mydriasi8)  follow8  the 
instillation  of  mydriatic  drugs,  and  contraction  of  the  pupil  (myo8is)  the 
instillation  of  mvotics. 

7.  Cerebral  Cortex  Pupillarv  Reflex. — If  a  patient  seated  in  a  dark 
room,  with  the  eves  fixed  at  the  black  wall,  and  a  light  placed  to  shine 
laterally  into  the  cyes,  is  recjuested  to  direct  his  attention  to  the  light,  without 
changing  the  position  of  the  eyes,  the  pupils  will  contract.  Since  the  accom- 
modation remains  suspended,.  and  the  light  entering  the  eye  is  unchanged, 
the  contraction  of  the  pupil  is  in  some  manner  connected  with  the  power 
of  attention ;  the  test  should  therefore  be  made  in  cases  of  nervous  disorder. 

Myotic  PupiHary  Tract — Stimulation  of  the  centre  for  the  third 
nerve,  by  the  action  of  light  passing  along  the  optic  nerve  and  optic  tracts, 
causes  an  impulse  to  pass  to  the  lenticular  jranglion,  and  thence  by  the 
short  ciliary  nerves  to  the  sphincter  of  the  pupil,  which  contracts,  lessening 
the  size  of  the  pupil. 

Mydriatic  Pupillary  Tract — The  dilator  muscle  of  the  iris  is  inner- 

vated  by  the  sympathetic.     The  impulse  passes  from  the  meduUa  into 

the  cord,  thence  through  the  first  three  dorsal  nerves  to  the  superior  cervieal 

ganglioD,  to  the  plexus  around  the  mtetMl  <iwot\d,  wid  through  the  long 
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ciliary  nerves  to  the  xiiliary  muscle  and  iris.  Stimulation  of  the  centres 
of  this  tract  causes  dilatation  of  the  pupil. 

Abnormal  PupUlary  Reactions. — Failure  of  the  pupil  to  react,  either 
wholly  or  in  part,  is  due  to  a  lesion  in  the  iris,  in  some  part  of  the  third 
nerve,  in  the  centres  of  the  brain,  or  in  the  light-conducting  paths.  Lesions 
in  the  iris  may  be  8welling  or  atrophy,  or  old  or  recent  attachments 
from  inflammation.  Immobility  to  light  stimulus,  with  preservation  of 
the  reflex  to  accommodation,  is  one  of  the  important  abnormal  pupillary 
changes. 

R£FLEX  Immobile  Puphj  ( Argvll-Robertson  Pupil). — ^Loss  of  reac- 
tion  of  the  pupil  to  direet  light,  with  preservation  of  the  contraetion  of  the 
iris  in  accommodation  and  convergence,  comprises  the  well-kno\vn  Argyll- 
Robertson  pupil,  and  is  an  early  symptom  of  tabes.  Although  of  great 
diagnostic  value  when  present, — ^and  in  the  majority  of  cases  it  exists  in 
the  incipient  stages  of  the  disease, — ^there  are  rare  instances  in  which  it 
has  not  been  found,  even  when  ali  other  symptoms  of  the  disease  have  existed 
for  years.  Associated  with  lost  light  reflex  is  frequently  notieed  alteration 
in  the  shape  of  the  pupil.  The  pupil  may  be  of  normal  size,  but  more  of  ten 
myosia  is  found,  from  implication  of  the  cervical  portions  of  the  cord 
controlling  the  dilating  centres.  The  Argyll-Robertson  pupillary  phe- 
nomenon  is  also  seen  in  paretic  dementia.  The  loss  of  the  light  retiex  in 
aortic  disease  is  due  to  the  general  syphilitic  infection. 

Dilatation  op  the  Pupil. — The  pupil  is  dilated  in  glaucoma,  in  optic 
atrophy,  in  diseases  of  the  orbit,  in  irritation  of  the  cervical  sympathetic, 
in  acute  mania,  in  cerebral  softening,  in  extensive  disease  or  injury  of  the 
cerebral  centres,  in  complete  paralysis  of  the  third  nerve,  in  paralysi8  of 
the  sphincter  of  the  iris  by  a  blow  upon  the  eyeball,  in  strong  emotion, 
and  when  mydriatics  have  been  used.  In  neurasthenia  and  hysteria,  my- 
driasis  is  often  present. 

Dilatation  of  the  pupil  may  be  caused  by  an  irritation  of  the  dilator 
pupillary  centre  or  tract  (irritative  mydriasis),  or  by  a  paralysis  of  the 
pupil-contracting  centre  or  fibres  (paralytic  mydriasis). 

Unilateral  mydria8is,  in  which  the  pupil  fails  to  react  to  direet  light 
but  contracts  consensually  with  its  fellow,  is  seen  in  complete  optic  atrophy, 
in  which  the  conductivity  of  the  one  optic  nerve  is  lost.  The  failure  of  one 
pupil  to  retract  to  separate  stimulation  of  either  eye,  but  contracting  upon 
convergence,  while  the  other  pupil  reacts  to  light  stimulus  of  either  eye, 
is  seen  in  tabes  and  in  syphilis.  Suddeii  unilateral  mydriasis  in  whieh  the 
instillation  of  a  drug  can  be  excluded  is  a  possible  early  svmptom  of  latent 
gclerosis  of  tht^  cord. 

Corte  claims  that  in  any  serious  diphtheritic  attack  failure  of  the 
pupils  to  react  to  light  indicates  a  fatal  termination. 

Complete  blindness  will  cause  bilateral  mydriasis  with  failure  of  the 
pupils  to  react  to  light  stimulus.  A  slight  contraetion  of  the  pupils  has 
been  observed  in  the  blind,  who  are  entirely  devoid  of  light  perception, 
after  the  eyes  have  been  exposed  to  bright  daylight  for  several  minutes. 

In  mydria8is  from  drugs,  the  accommodation  is  temporarily  suspended. 

CoNTRACTiON  OP  THE  PupiL. — Abnormal  contraetion  of  the  pupils  is 
due  either  to  irritation  of  the  pupil-contracting  centra  ot  fv>aT«a,  ot  V^ci^vc^^s^ 
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of  the  sympathetic.  In  disease  of  the  central  nervous  system,  the  myosis  may 
be  due  to  irritation  of  the  sphincter  nueleus;  but  should  mydriasis  follow 
the  myosis,  it  is  an  indication  of  the  spread  of  the  affection  and  destruction 
of  the  sphincter  centre.  In  irritative  myosis  the  pupil  rarely  dilates  iinder 
cover  or  in  a  bright  light,  but  acts  normally  when  a  mydriatic  or  myotic 
drug  is  instilled.  In  the  paralytic  myosis  the  reaction  to  light  and  in  con- 
vergence  is  preserved,  but  the  pupils  dilate  imperf ectly  when  shaded.  My- 
driatics  act  imperfectly,  but  the  pupils  contract  further  to  myotics.  In 
old  age  the  pupils  are  usually  smaller  than  in  middle  life,  although  perfectly 
normal  in  reaction.  Inflammations  of  the  iris  are  always  associated  with 
small  pupils,  and  the  iris  is  likely  to  become  attached  to  the  lens  capsule. 
Myosis  is  seen  in  the  early  stages  of  inflammation  of  the  brain  and  meninges, 
apoplexy,  abscess,  and  in  other  affections  which  indicate  irritation  of  the 
part;  also  in  hysteria,  tox8emia,  and  in  epilepsy.  Paralytic  mvosis  occurs 
in  tabes,  general  paralysis,  spinal  meningitis,  and  destructive  lesions  of 
the  cord. 

Unequal  puph^s  (anisocoria)  may  point  to  purely  functional  affec- 
tions,  such  as  hvsteria  and  the  psychoses,  or  to  grave  organic  disease,  as 
paresis,  tabes,  etc.  The  pupillary  phenomena  must  be  studied  in  connec- 
tion  \vith  other  symptoms  to  arrive  at  a  correct  diagnosis.  Inequality  of 
the  pupils,  although  the  reaction  to  light  remains,  is  present  in  many  eases 
of  CKophthalmic  goitre.  Bichelonne  believes  that  unilateral  mvdriasLs  is  an 
important  sign  in  the  early  diagnosis  of  pulmonary  tuberculosis. 

Alternating  mvdriasis,  in  which  the  dilatation  changes  from  one  eye 
to  the  other,  is  occasionally  present  in  general  paralvsis  and  in  tabes,  and 
has  been  described  as  a  premonitory  svmptom  of  insanity. 

Hippus. — An  alternate  contraction  and  dilatation  of  the  pupil,  occur- 
ring  under  a  luiiform  stimulus  of  light,  is  a  normal  phenomenon.  but  may 
be  excessive  in  hvsteria,  epilepsy,  advanced  paralysi8,  early  stages  of 
meningitis  and  mania,  and  in  phthisis. 

Hemiopic  Pupill.vry  Inaction. — The  Wemicke  pupil  is  described 
under  hemianopsia. 

Iritis. — lutiammation  of  the  iris  mav  accompanv  disease  of  or  trauma- 
tism  to  other  oeular  structures,  or  be  due  to  constitutional  disorders.  The 
principal  si<ms  are  changes  in  the  color  of  the  iris,  injection  of  the  peri- 
corneal  vessels,  mvosis,  deposits  on  the  posterior  surface  of  the  eomea,  and 
attachments  of  the  iris  to  the  lens  capsule.  The  s^^mptoms  are  severe  brow 
pain,  worse  at  night.  and  slowly  failing  vision. 

Svphilis  is  the  most  common  cause  of  iritis.  The  intlammation  affects 
both  eves.  one  hiter  than  the  other,  usuallv  appoars  from  the  second  to  the 
eighth  mouth  following  the  initial  infei^tion,  and  is  plastic  in  character.  In 
some  instances  one  or  more  yellowish  brown  nodules  may  appear  at  or  near 
the  pupillarv  border,  resembling  the  solitar>'  gumma  of  the  tertiary  period 
of  svphilis. 

It  is  probable  that  the  iritis,  so  long  considered  as  due  to  rheumatism, 
is  septic  or  toxic  in  origin,  often  from  the  gastro-intestinal  tract.  The  in- 
tlammation is  usuallv  unilateral.  although  the  second  eve  may  later  become 
affected.  In  chronic  rheumatic  subjeots  the  iritis  is  of  a  severe  and  de- 
structive  trpe.    The  attacks  usually  recur  during  a  relapse  of  tlie  rhemna- 


EXAMINATION  OF  THE  EYE.  377 

tiam,  or  they  may  be  the  only  evidence  of  the  tox£emia.  The  so-called  idio- 
pathie  iritis,  in  which  8yphilis,  gonorrhdba,  and  traumatism  can  be  positively 
excluded,  is  of ten  secondary  to  disorders  of  nutrition  or  constitutional  affec- 
tions.  In  these  eases  the  pain  is  usiially  of  greater  severity,  the  disease  more 
slowly  amenable  to  treatment,  and  the  relapses  f  requent. 

In  severe  inflammations  of  the  iris,  the  ciliary  body  h  involved,  and 
the  disease  is  ref erred  to  as  irido-eyclitis.  Uveitis,  or  inflammation  of  the 
iris,  ciliary  body,  and  ehoroid,  oceurs  in  rhenmatism  and  gout,  diabetes, 
infiuenza,  anaemia,  syphilis,  tubereulosis  and  the  specific  fevers;  also  in 
affeetions  of  the  teeth,  tonsils,  acee8sory  sinuses,  the  prostate  and  the  skin. 
The  disease,  which  is  probably  the  manifestation  of  some  toxic  process,  is 
eharaeterized  by  moderately  deep  anterior  chamber,  hazy  cornea  and  aque- 
ous,  pupil  not  contraeted,  occasionally  a  slight  increase  in  the  tension  of 
the  eyeball,  and  the  deposit  in  triangular  form  of  small  dots  on  the  posterior 
surface  of  the  cornea. 

Irido-cyclitis  is  often  seen  during  the  late  stages  of  gonorrhoea,  and 
recurs  with  relapses  of  the  disease.  The  iritis  may  occur  a  considerable 
time  af ter  the  aeute  attack,  sometimes  preceding  or  f ollowing  an  affection  of 
the  joints. 

Tuberde  of  the  iris  is  seen  as  two  or  more  reddish  nodules  in  the 
anterior  surface  or  deep  in  the  iris  tissue,  occasionallv  in  conliuent  form, 
in  young  persons,  usually  between  the  tenth  and  twentieth  year.  The 
patients  may  not  present  other  active  manifestations  of  the  tuberculous 
process.    Koch's  old  tuberculin  may  be  employed  for  diagnostic  purposes. 

Ocular  Muscles. 

Mobility  of  flie  Eyes. — Under  normal  conditions,  the  eyeballs  move 
in  perfect  accord  in  ali  directions,  with  no  manifest  lagging  movement  in 
either  eye  in  any  of  the  several  rotations.  In  equilibrium  of  the  ocular 
muscles,  every  movement  of  one  eye  is  accompanied  by  simultaneous  and 
equal  movement  of  the  other,  the  image  of  the  object  upon  which  the  eyes 
are  fixed  is  formed  on  the  fovea  of  each  eye,  and  the  effort  required  on 
the  part  of  any  one  muscle  or  group  of  muscles  in  sustaining  binocular  sintjle 
vision  is  equal  in  the  two  eyes. 

Disturbance  of  eguilibrium  may  be  arranged  in  two  groups: 

1.  Organic  anomalies,  in  which  there  is  double  vision  in  attempts  to 
rotate  the  eyes  in  the  direction  of  the  affected  or  paralyzed  muscle  or 
group  of  muscles. 

2.  Functional  anomalies,  in  which  there  are: 

(a)  An  actual  deviation  of  the  visual  line  of  one  eye  from  that  of  the 
other,  persisting  in  aH  movements  of  the  two  eyea. 

(b)  A  tendenci/  to  deviation,  which  is  overcome  by  increased  or  de- 
creased  innervation  to  the  muscle  or  group  of  muscles  afTected. 

Organic  Anomalies  (Ocular  Palsies). —  Since  binocular  single  vision 
can  only  be  maintained  if  the  image  of  the  object  falls  upon  the  macula 
of  each  eye  or  upon  corresponding  points  of  each  retina,  any  disturbance 
of  the  motor  apparatus  by  palsy  of  one  or  more  of  the  ocular  muscles  results 
in  an  impression  of  the  object  upon  non-correspondm^  pom\&  ^i  ^^OcL\^\l\si3^ 
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Two  images  are,  therefore,  transmitted  to.the  brain,  and  double  visicm,  or 
diplopia,  results.  The  symptoms  of  ocular  palsies  are:  (1)  diplopia;  (2) 
limitation  of  movement  of  one  or  both  eyes  in  the  direetion  of  the  paraly2«d 
muscle;  (3)  aetual  deviation;  (4)  false  protection;  (5)  vertigo;  and  (6) 
abnormal  position  of  the  head. 

DiAGNosis  OP  Ocular  Palsies. — ^Paralysi8  of  an  ocular  muscle  is 
to  be  suspected  if  the  patient  eomplains  of  seeing  double  or  tilts  the  head 
to  prevent  diplopia,  and  eomplains  of  vertigo  in  attempts  to  fix  an  object 
in  that  portion  of  the  field  in  which  double  vision  exists.  If  the  paralysis 
is  complete,  the  eye  with  the  affected  muscle  fails  to  rotate  past  the  median 
line  when  the  object  fixed  passes  to  the  side  to  which  the  aflfected  muscle 
ordinarily  rotates  the  eye,  and  in  fixation  with  the  affected  eye,  the  devia- 
tion of  the  sound  eye  {secondary  deviation)  is  greater  than  is  the  deviation 
of  the  squinting  eye  when  the  sound  eve  fixes  {pritnary  deviation). 

DiPLOPLi. — In  partial  paralysis  the  limitation  of  rotation  may  be  so 
slight  as  to  escape  obeervation.  It  becomes  manifest,  however,  even  in  slight 
degrees,  upon  the  tests  for  diplopia.  The  patient,  seated  in  a  darkened 
room,  with  the  head  fixed  in  one  position,  is  directed  to  follow'  with  the  eye8 
a  lighted  candle  held  at  a  distance  of  about  10  feet,  and  moved  in  ali  portiona 
within  the  field  of  vision.  If  a  piece  of  colored  glass  is  held  before  one  eye, 
the  images  of  the  two  eyes  are  in  this  way  differentiated.  By  this  test  the 
behavior  of  the  two  images  in  their  relative  height  and  distance  f rom  each 
other,  and  their  separation  and  approximation,  as  the  light  is  carried  up  and 
down,  to  the  right  and  to  the  left  of  the  patient,  determines  which  of  the 
mnscles  is  palsied.  Special  skill  and  training  are  essential  in  the  diagnosis 
of  the  more  complex  f orras  of  palsies,  and  it  is  unnecessary  in  this  conneetion 
to  enter  fully  into  details,  but  the  following  points  will  serve  to  indicate 
roughty  the  character  of  the  affection : 

1.  Double  images  are  seen  only  when  the  eyes  are  tumed  in  the  diree- 
tion in  which  the  paralyzed  muscle  or  muscles  normally  rotate  the  eye ;  in 
ali  other  directions  there  is  single  vision. 

2.  The  image  of  the  eve  with  the  paralyzed  muscle  (false  image) 
separates  from  the  image  of  the  sound  eve  (true  image)  as  the  object  is 
carried  into  the  field  govemed  by  the  muscle  aflfected ;  that  is,  the  distance 
between  the  double  images  increases  as  the  object  fixed  upon  is  moved  in 
the  direetion  to^vard  whieh  the  paralvzed  muscle  should  rotate  the  eye. 

If  the  false  image  is  on  the  same  side  as  the  affected  eye  the  diplopia 
is  homonvmous;  if  the  false  image  is  projected  to  the  side  of  the  sound 
eye  the  diplopia  is  crossed,  or  heterom-mous. 

Homonifmous  diplopia,  with  images  in  the  same  horizontal  plane,  indi- 
cates  paralysis  of  an  external  reetus,  right  externus  if  the  images  separate 
as  the  object  fixed  is  carried  to  the  right,  and  left  extemus  if  they  separate 
as  the  object  fixed  is  carried  to  the  left. 

Crossed  diplopia  in  the  horizontal  plane  indicates  paralysis  of  an 
internus,  right  intemus  if  the  double  images  separate  in  looking  to  the  left, 
and  the  left  internus  if  they  separate  in  looking  to  the  right. 

Vertikal  diplopia  in  upper  field  (that  is,  one  image  higher  than  the 
other)  indicates  a  paraly8i8  of  the  superior  rectus  or  inferior  oblique:  if 
diplopia  increases  in  looking  up  and  to  the  right,  and  image  of  right  eyc  is 
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higher,  paralysia  of  right  superior  rectus;  if  lower,  left  inferior  oblique. 
Increase  in  diplopia  in  looking  up  and  to  the  left,  with  image  of  right  eye 
higher,  paralysis  of  right  inferior  oblique ;  if  lower,  left  superior  rectus. 

Vertical  diplopia  in  lower  field  shows  a  paralysis  of  the  inferior  rectus 
or  superior  oblique.  Increase  in  the  diplopia  in  looking  down  and  to  the 
right,  with  image  of  right  eye  lower,  indicates  paralysis  of  right  inferior 
rectus ;  if  higher,  left  superior  oblique.  Diplopia  increasing  down  and  to 
the  left,  with  image  of  right  eye  higher,  shows  paralysis  of  right  superior 
oblique,  if  lower,  left  inferior  rectus. 

Special  Palsles.  —  Paraltsis  op  the  Sixth  Nebve. — The  long  course 
of  the  sixth  nerve  at  the  base  of  the  brain  renders  it  particularly  liable 
to  pressure  from  inflammatory  exudation,  hemorrhage,  and  fracture.  It 
is  the  most  frequent  of  the  ocular  palsies,  and  it  is  indicated  by  conver- 
gence  of  the  affected  eye,  homonymous  diplopia,  and  inability  of  the  ey©  to 
rotate  outwards  past  the  median  line. 

Paraltsis  0¥  the  third  nerve  is  shown  by  ptosis,  the  pupil  moder- 
ately  dilated  and  anresponsive,  the  power  of  accommodation  abolished,  and 
crossed  diplopia,  with  the  eyeball  turned  outward  and  slightly  downward 
from  the  action  of  the  extemal  rectus  and  superior  oblique.  In  cycloplegia 
only  that  portion  of  the  nerve  controUing  the  ciliary  musde  is  affected. 
There  may  or  may  not  be  associated  pararysis  of  the  sphincter  of  the 
pupil  (iridoplegia). 

Paraltsis  op  the  pourtp  nerve,  which  controls  the  superior  oblique, 
is  less  frequent.  There  is  vertical  diplopia  in  the  lower  field,  the  image 
of  the  affected  eye  is  the  lower,  and  the  distance  between  the  images  increases 
as  the  eye  is  rotated  downwards  and  inwards. 

Ophthalmoplegia  externa  is  the  term  employed  to  designate  paralysis 
of  ali  the  extemal  ocular  muscles.  The  affected  eye  is  incapable  of  movement, 
and  the  lid  droops  and  cannot  be  voluntarily  raised.  Paralysis  of  the  iris 
and  ciliary  muscle  is  known  as  ophthalmoplegia  interna. 

Conjugate  P.vlsv. — In  this  rare  affection  the  individual  muscles  of 
each  eye  possess  their  normal  power  to  tum  the  globe  in  any  desired  posi- 
tion,  but  there  is  inability  to  rotate  the  two  eyes  in  associated  action.  It 
may  affect  convergence,  so  that  the  eyeballs  cannot  be  converged,  although 
individually  capable  of  internal  rotation :  or  it  is  shown  in  loss  of  associated 
lateral  or  vertical  movements.  In  ali  cases  the  lesion  is  central,  and  in  vol  ves 
the  centres  for  conjugate  movement,  although  spasmodic  conjugate  deviation 
is  seen  in  hysteria. 

Causes  of  Ocular  Palsles.  —  Paralysis  of  the  ocular  muscle«  mav  be  dne 
to  an  intracranial  or  an  orbital  lesion  or  to  peripheral  causes ;  it  may  f  ollow 
meningitis,  tumors,  hemorrhage,  gumma,  or  vascular  changes  in  the  brain ; 
orbital  cellulitis,  traumatism,  and  inflammation  of  the  nerve  in  the  muscle. 
The  constitutional  causes  are  svphilia,  tuberculosis,  diabetes,  nephritis,  in- 
fluenza,  tabes,  rheumatism^  diphtheria,  and  general  paresis. 

At  least  one-half  of  the  ocular  palsles  are  considered  to  be  dne  directlv 
to  8yT>hilitic  gummatous  deposits,  syphilitic  periostitia  in  the  orbit  or  along 
the  base,  or  to  degeneration  in  or  close  to  the  nuclei  of  the  nerves.     These 
are  eiclusive  of  the  indirect  svphilitic  affections,  as  manifested  \w  ^sfc^s^^ 
general  paresis^  and  diseases  of  the  blood-vesaeVa.    ^wc\e«k.T  ^tl^l  ^otv^^t^ 
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palsies  may  be  caiised  by  rheumatism,  diabetes,  tonsillitis,  influenza,  ptomaine 
poisoning,  and  by  lead,  aleohol,  tobaceo,  and  other  toxic  agenta.  In  that 
variety  of  ptomaine  poisoning  known  as  botulismus,  nudear  palsies  are  fre- 
quent.  Basal  palsies  are  seen  in  hemorrhage,  meningitis,  especially  tiiber- 
cular,  abscess,  and  eavernous  sinus  disease.  The  paralyses  associated  with 
diabetes  mellitus  develop  suddenly,  but  iisually  are  of  short  duration  and 
mostly  affect  the  sixth  nerve.  Neuralgia  of  the  region  about  the  eye  is  often 
associated  with  the  paralysis,  and  pain;  in  this  situation  should  direct  atten- 
tion  to  a  possible  disturbance  of  the  motor  apparatus  on  the  same  side. 

Ophthalmoplegia  interna,  or  paralysis  of  the  eiliary  mnsele  and  the 
sphincter  of  the  pupil,  is  more  frequently  unilateral  than  bilateral,  and  is 
seen  in  syphilis,  tabes,  and  intraeranial  disease.  Either  the  sphincter  or 
the  ciliary  musele  may  be  first  affected,  and  later  the  extemal  ocular  museles 
become  implicated.  It  is  also  f ound  after  diphtheria.  The  lesion  is  probablv 
miclear. 

Paraltsis  of  the  accommodation,  destroying  the  power  of  reading. 
is  seen  in  about  5  per  cent.  of  eases  of  diphtheria,  usually  affects  both  eyes, 
and  only  rarely  ia  associated  with  palsy  of  the  iris.  Occasionally  paralvsis 
of  the  extemal  reetus  is  associated  with  the  loss  of  accommodation.  Similar 
palsies  are  seen  in  severe  eases  of  influenza. 

Intermittent  palsy  of  one  or  more  musdes  is  an  early  fiymptom  of 
tabes.  One  eye  is  generally  affected,  and  the  paralysis  diaappears  in  a  few 
weeks  to  agaia  reeur.  The  extemal  reetus  is  probably  the  most  frequently 
involved,  and  next  the  museles  supplied  by  the  third  nerve,  either  as  a  group 
or  individually,  while  the  parts  supplied  by  the  fourth  nerve  are  rarelv 
affected. 

Palsies  of  some  of  the  ocular  muscles,  most  f  requently  those  supplied 
by  the  third  nerve,  are  present  in  **ophthalmoplegic  migraine"  and  follow 
the  subsidence  of  pain.  The  attacks  are  usually  recurrent,  the  palsy  occur- 
ring  on  the  same  side  as  the  pain.  The  disease  is  rare,  and  should  be  differen- 
tiated  from  brain  tumor. 

Functlonal  Anomalies. — Both  of  the  functional  defects,  the  t€ndency  to 
deviation  (heterophoria)  and  the  actual  tuming  of  one  visual  line  from  that 
of  its  fellow  (hetei^otropia,  or  functional  squint),  are  due  in  many  instances 
to  errors  of  refraction,  and  to  disturbance  of  the  relation  between  conver- 
gence  and  accommodation.    There  is  no  paralysis  and  no  double  vision. 

Latent  Devlvtions  (Heteropiiorl\,  Insufficiencv  of  the  Ocular 
Muscles). — If  there  is  a  lack  of  equili])rium  in  the  action  of  the  muscles  of 
the  two  eyes  in  binooular  vision,  so  that  fixation  of  the  eyes  is  only  main- 
tained  throu*rh  an  ox(*essive  amount  of  nerve  force  expended  in  helpinfr 
the  \veak  musele  or  set  of  muscles,  there  follows  a  train  of  8ymptoms  whieh 
is  usuallv  ineluded  under  the  term  mtiscular  asthenopia.  There  is  more 
or  less  eonstant  dull  headache,  which  may  be  general  or  localized  in  the 
frontal  or  occipital  region,  blurred  vision,  inability  to  use  the  eyes  at  near 
work,  and  photophol)ia.  Sometimes  there  may  be  vertigo  and  nausea,  eon- 
fusion  of  ideas,  insomnia,  and  a  feeling  of  physical  eshanstion  while  in  a 
moving  crowd,  in  attendance  at  the  theatre,  or  after  riding  in  the  car». 
Heterophoria  is  a  most  active  causative  factor  in  many  of  the  reflez  nervoos 
diaorders.    lielief  in  many  oafie&  \\aa  \mdo\x\Aftd\Y  i^^3ratA.\hA  vimetkn  of 
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the  defects,  but  does  not  justify  the  extravagant  claims  made  that  epilep8y, 
chorea,  melancholia,  dy8pep8ia,  and  other  affections  are  not  only  primarily 
due  to  heterophoria,  but  are  cured  after  correction  of  the  musele  anomaly. 

Forme  of  Deviaiion, — The  tendency  of  the  visnal  lines  to  deviate  f  rom 
the  normal  parallelism  is  divided  into  esophoria,  a  tendeney  of  the  visual 
lines  to  tum  inward;  exophoria,  a  tendeney  of  the  visual  lines  to  turn 
outward ;  and  hyperphoria,  a  tendeney  of  one  visual  line  to  deviate  above 
that  of  its  fellow.  The  inward  tendeney  of  the  visual  lines  is  of  relatively 
less  importanee  as  a  eause  of  reflex  symptoms  than  is*  hyperphoria  or 
exophoria. 

To  determine  the  eiistence  of  the  musele  anomaly,  the  latent  defect 
is  made  manifest  by  means  of  a  prism  of  suflBcient  strengrth  to  cause  diplopia, 
or  by  the  use  of  a  piece  of  cobalt  glass  or  a  rod  of  glass  held  bef ore  the  eye. 
The  line  of  light  made  by  the  rod  is  so  dissimilar  f  rom  the  image  of  the  other 
eye  that  the  fusion  impulse  is  abolished,  and  the  eyes  take  the  position  of 
greatest  rest.  The  prism  that  fuses  the  double  images  made  by  the  prism  or 
brings  the  line  of  light  into  the  flame  seen  by  the  other  eye  is  the  measure  of 
the  defect.    Correction  of  the  refraction  is  essential  to  a  cure. 

Manifest  Deviations  (Concomitant  Squint,  Heterotropia). — In  this 
affection  there  is  an  actual  deviation  of  one  visual  line  f  rom  that  of  the  other, 
but  the  squinting  eye  is  able  to  follow  the  movements  of  the  fixing  eye  in 
ali  directions;  there  is  no  acknowledged  diplopia,  and  the  deviation  is  trans- 
ferred  from  one  eye  to  the  other,  and  remains  of  the  same  degree  upon 
altemately  covering  one  eye  and  then  the  other.  The  absence  of  double 
vision,  and  the  f act  that  the  power  of  rotation  of  the  eye  is  not  limited,  serve 
to  distinguish  the  functional  from  the  paralytic  squint. 

Punctional  squint  may  be  either  convergent,  divergent,  or  vertical. 
The  three  principal  causes  of  the  strabismus  are  a  disturbance  in  the  normal 
relation  between  convergence  and  accommodation,  brought  into  existence 
by  errors  of  refraction;  a  weakness  of  opposing  muscles,  either  through 
structural  changes  or  disturbed  innervation ;  and  unequal  vision  of  the  two 
eyes,  so  that  the  normal  desire  for  fusion  is  abolished.  The  strabismus  may 
be  monolateral,  when  one  eye  always  fixes  and  the  other  always  squints ;  or 
altemating,  when  either  eye  may  be  used  for  fixation,  since  the  visual  acuity 
is  about  the  same  in  each.  Squint  is  an  affection  of  early  childhood,  often 
disappearing  if  proper  treatment  is  instituted  at  this  time. 

Vision. 

AFFECTIONS  OF  VISION. 

Imperf ect  vision  is  due  to  errors  of  refraction ;  to  opacitiee  of  the  comea, 
crystalline  lens,  or  vitreous ;  to  disease  of  the  retina,  choroid,  optic  nerve,  or 
central  nervous  system ;  or  to  functional  neuroses. 

Central  vision  is  tested  by  means  of  letters  corresponding  in  size  to 
a  fixed  standard.  The  patient,  seated  20  feet  from  the  test  card,  and  one 
eye  covered,  is  asked  to  read  the  smallest  line  of  letters  that  ean  be  deciphered. 
If  the  vision  thus  estimated  does  not  conform  to  the  standard,  the  various 
errors  of  refraction  should  be  excluded  before  concluding  that  thft  T^d\v5«i. 
vision  is  the  resiilt  of  disease.    This  may  be  done  \>y  p\b.<^\xx!^\^^^^T^  \>cl^  ^^ 
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aa  opaque  disk  with  a  small  central  openii^.  If  no  urganitf  d 
vision  will  coDform  to  the  normal.  'ihe  effect  of  faulty  vision  upon  the 
health  of  patieuta  is  of  tentimes  overlooked.  In  a  person  givec  to  an^  manner 
of  iDdoor  vocation,  whose  nervoiis  8ystem  is  at  ali  delicately  balenced,  an 
uneorreeted  eye-9train  may  give  rise  to  headache,  drowsiiie8s,  transient  ver- 
tigo,  and  Bometimes  to  nausea,  irritability  of  temper,  and  inaomnis.  These 
8ymptoins  are  probably  more  often  found  wben  vision  is  in  escess  of  tbe 
DOrnial  standard,  heuee  the  state  of  tbe  refraction  must  be  leamed  in  order 
to  determine  the  extent  to  which  the  accommodative  strain  is  responsible  for 
the  reHex  manifestation. 

Peripheral  Vision. — In  testing  the  perception  of  the  otittying  portioas 
of  the  visual  JieM,  the  examination  is  made  of  each  eye  separately,  the  oculist 
employij]^  an  instrument  known  as  a  perimeter,  which  consists  of  an  are 
of  a  circle,  of  about  12  inches  radius.     The  eye  to  be  examiued  is  at  the 


Fio.  ISO. — Diagram  of  perimetric  cbatta  ol 
centre  of  the  circle,  and  fixed  steadfa8tly  upon  a  white  spot  upon  the  are. 
A  white  object  5  to  10  mm.  in  size  is  slow)y  moved  along  tbe  are,  from  its 
extremity  towards  the  fixed  spot,  until  it  comes  within  the  patieiit'a  range 
of  vision,  and  the  point  recorded  at  which  the  object  is  first  aeen.  The  are 
is  moved  to  another  position,  and  tbis  is  eontinued  until  the  whole  circle  has 
beeii  tested.  The  record  of  the  usual  points  so  taken  is  recorded,  as  in 
Fig.  150,  As  will  be  seen,  the  outlinea  of  the  visual  field  are  far  from  svm- 
metrical.  Its  preatest  extent  is  o»  the  temporal  side,  usually  about  90'^,  on 
the  nasal  side  55^,  above  50°.  below  65°.  The  perimeter  is  not  ab8olutely 
necessarj-  to  make  out  grosa  lesionfi  sueh  as  hemianopsia  or  eitenaive  oontrac- 
tion  of  tlip  fieUl.  sin<'e  the  finger  carried  from  point  to  point,  as  the  patient 
erazes  into  the  examiner's  eye,  will  indicate  marked  departure  from  the 
noniiid  limits.  Afcurate  examinati('n  rtHiiiires  the  services  of  the 
ophthalmolotiist. 

Gradual  failure  of  vision  apart  from  refractive  errora  is  aeen  in  dinase 
of  the  eomea,  in  cataract,  non-inrtammatory  glaucoma,  atrophy  of  the  optic 
nerve,  and  varioas  forms  of  intra-ocalar  disesM.    B».v^d  V<wr  q{  n^t  ocean 
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in  acute  glaucoma,  retinal  hemorrhagea,  embolism  or  thrombus  of  the 
central  retinal  vessels,  cedema  of  the  retina,  cerebral  effusions,  metastatic 
diaease  of  the  eye,  ptomaine  poisoning,  and  after  quinine,  wood  alcohol, 
and  otber  toxic  agenta.  In  every  instance  of  decrease  in  the  normal  aouity 
of  vision,  the  oculist  should  be  immediately  consulted. 

Catakact  afiTecta  vision  in  proportion  to  the  degree  and  situation  of 
the  opaGity.  It  appears  aa  a  congenital  or  senile  condition,  in  connection 
with  disease  of  the  eyes,  in  diabetes,  in  traumatism,  and  with  many  con- 
stitutional  diaordera  that  influence  the  nourishment  of  the  lens  through  the 
Dutrient  vessels  of  the  choroid  and  ciliary  body.  Cataract  has  been  mistaken 
for  non-inflammatory  glaucoma,  owing  to  the  greenish  reflex  of  the  lens  in 
the  latter  disease.    The  diagnosis  is  readily  made  with  the  ophthalmoscope. 

Second  Stght. — The  ability  of  persons  past  middle  life  to  lay  aside 
their  usual  convex  reading  glasses  and  read  the  finest  print  (so-called  second 
sight)  indicatee  svelling  of  the  lens,  and  is  one  of  the  first  signs  of  cataract. 
Glycosuria  is  a  frequent  cauae  of  cataract,  and  acquired  myopia  after  40 
years  of  age,  even  with  clear  crystalline  lens,  should  direct  attention  to 
the  possible  existence  of  diabetes. 

Acute  Olaiicoma. — Recurring  attacks  of  blurred  vision,  the  obscura- 
tion  lasting  froni  a  few  minutes  to  an  bour  or  more,  when  associated  with 
halos  about  the  light  (iridescent  vision),  should  direct  attention  in  persons 
past  middle  life  to  the  p08aibility  of  an  oncoming  attack  of  acute  g^aucoma. 
The  " glaucomatous  attack"  usually  occura  at  night,  is  characterized  by 
severe  pain  in  the  head,  nausea  and  vomiting,  and  rapid  loas  of  sight. 
The  eveball  is  intenselv  congested,  the  pupil  dilated,  the  cornea  ansesthetii; 
and  steamv,  and  the  globe  of  8tony  hardness.  The  affection  should  not  be 
mistaken  for  a  "cold  in  the 
eye,"  iritia,  or  neuralgia.  The 
rheumatic  and  gouty  diathesis 
is  a  possible  causative  factor. 

Alterations  in  the  Visual 
Rcid. — Changes  in  the  visual 
field,  as  evidenced  by  irregular 
or  concentric  narrowing  of  the 
normal  limits  for  form  and 
color,  the  p  resen  ce  of  central 
or  peripheral  areas  of  lost  per- 
ception  (acotoma),  or  transpo- 
sitions  of  the  order  of  colors, 
is  eeen  in  disease  of  the  retina, 
optic  nerve,  and  central  ner- 
vouB  svstem,  or  may  be  present 
in  purely  functional  neuroses. 

AmUyopia  and  amaurosis 
designate  defective  vision  due 
dtber  to  f  uoctional  disturbance 
or  to  actual  disease  of  the  visual  apparatus,  without  gross  ophthalmoscopic 
ehangee,  although  the  latter  restriction  is  not  alway8  adbered  to.  The 
■ffeetion  of  the  sight  may  be  limited  to  cenlra\  V\avon,'\n'i\uic>^'a'«V'i«, 
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or  oiily  part  of  the  visual  field,  or  be  only  for  form  or  for  oolor.  A 
number  of  congenital  forms  of  amblyopia  are  recognizecl — for  form,  as 
in  the  poor  vision  of  squint,  or  for  color,  as  in  color-blindness.  Partial  or 
eomplete  losa  of  sight  may  be  due  to  irritations  affeeting  the  fifth  nerve, 
severe  injuries  of  the  head,  auto-intoxication,  the  nephritis  of  the  emptive 
fevers,  diabetes,  malaria,  rheumatism,  aetion  of  eertain  drags,  and  to  hy8- 
terical  manifestations. 

Sudden  transient  failure  of  vision  may  mean  merely  the  temporar}" 
giving  out  of  eyes  already  weakened  by  general  affeetions  or  too  persistent 
use.  In  the  so-called  **  visual  aura'*  of  migraine,  there  is  a  deeided  Uurring 
of  the  visual  field,  which  has  been  designated  as  amblyopiay  but  is  transitory, 
and  is  to  be  distinguished  from  the  permanent  funetional  impairment  of 
sight  ineluded  in  the  term.  Dercum  regards  a  slight  degree  of  amblyopia, 
with  or  without  a  diminution  of  the  color  sense,  as  an  early  and  invaluable 
s>Tnptom  of  paresis  which  may  even  antedate  distinct  and  demonstrable 
anomalies  of  the  pupils  or  ehanges  in  the  eye-groundsL  Transient  blindness, 
persisting  for  a  few  minutes  to  several  hours  or  days,  may  be  due  to  spasni 
of  the  retinal  arteries.  The  diminution  in  the  ealibre  of  the  vessels  has 
been  observed  in  epilepsy,  migraine,  cold  stage  of  malarial  fever,  and  in  some 
toxic  conditions.  In  uraemia,  partieularly  in  the  nephritis  of  scarlet  fever 
and  of  pregnancy,  the  sudden  loss  of  sight  may  be  associated  with  eonvul- 
sions,  coma,  and  other  eerebral  symptoms.  Although  the  blindness  may  be 
eomplete,  the  reaetions  of  the  pupils  are  usually  preserved. 

Amblvopia  from  Loss  op  Blood. — Amblyopia,  with  subsequent  eomplete 
atrophy  of  the  optic  nerve,  may  follow  profuse  spontaneous  hemorrhages 
from  the  stomach,  intestines,  uterus,  or  nasal  cavity.  The  loss  of  sight  may 
not  appear  for  a  week  or  more  after  the  bleeding,  being  due,  as  shown  by 
Ilolden,  to  degeneration  of  the  ganglionio  eells  of  the  retina  from  impaired 
nutrition. 

METnYL-ALCOHOL  Amblyopia. — Rapid  loss  of  sight  may  follow  thedrink- 
inj?  of  wood  alcohol  in  its  crude  or  purified  state,  or  when  eniployed  bb  an 
adulterant  in  the  manufacture  of  Jamaica  ginger,  impure  whiskey,  cheap 
essenees,  bay  rum,  and  other  alcoholic  beverages.  The  eye  symptoms  are 
ofteii  associated  with  vomiting  and  purging,  severe  headaehe,  and  intense 
\veakiiess.  The  vision  may  improve  for  a  few  hours  or  davs  to  again  relapse, 
often  ending  in  eomplete  blindness.  The  symptoms  of  poisoning  may  follow 
inhalation  of  the  alcohol  by  workmen  in  mixing  varnishes,  shellaeking  beer 
vats,  or  even  when  the  alcohol  is  applied  locallv. 

QuixiNE  Amblyoi'ia. — Quinine  affects  both  the  optic  nerve  and  retina. 
Usuallv  the  s>Tnptoms  follow  a  large  dose  of  the  drug,  but  a  moderate  amount 
has  been  followed  by  transient  visual  disturbances.  Following  a  toxic  doee 
there  is  usuallv  eomplete  blindness,  which  continues  for  a  few  hours,  day8  or 
weeks.  Central  vision  at  tirst  returns,  with  gradual  enlargement  of  the 
peripheral  field,  but  the  latter  may  remain  permanentlv  contraeted.  The 
ophthalmoscope  shows  cloudiness  of  the  retina,  contraction  of  the  vessels,  and 
pallor  of  the  optic  nen-e.  Ethylhydrocuprein,  a  quinine  derivative,  employed 
in  the  treatment  of  pneumonia,  has  been  followed  by  s3rmptoni8  of  qiiiiiine 
poisoning.  Pelix  mas  and  salicylic  acid  have  caused  visual  disturtMiices 
eimilar  to  tbose  of  quinine.    NitTobenioW»  Millin^  iodoform,  and  thjnraidiiie 
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effect  the  visual  apparatus  when  taken  in  large  doses.  To  this  list  may  be 
added  lead,  tobacco,  atoxyl,  iodoform,  osmič  acid,  chloral  and  many  other 
drugs  used  in  medicine. 

Central  Ambltopia  (Retrobulbar  Neuritis). — The  orbital  portion 
of  the  optic  nerve  is  subject  to  interstitial  inilammation  in  either  an  acute 
or  chronic  form.  In  both,  the  disease  affects  those  portions  of  the  nerve 
that  supply  the  macular  region.  The  early  symptoras  are  dimness  of  vision, 
without  marked  ophthalmoscopic  changes,  and  a  weaknesa  or  loss  of  color 
perception  in  the  central  visual  field. 

In  retrobulbar  inflammations  the  visual  acuity  is  less  in  very  bright 
light,  and  exposure  to  excessive  light  may  lead  to  deterioration  of  vision 
that  may  last  for  some  time.  Thia  is  due  to  the  slowness  with  which  the  ill- 
nourished  axis-cylinder8  are  regenerated.  There  is  also  a  close  relationship 
between  retrobulbar  disease  and  affections  of  the  seventh  nerve,  since 
paralysis  of  the  facial  nerve  may  precede  the  optic-nerve  inflammation.  In 
acute  retrdbvlhar  neuritis  there  is  rapid  failure  of  vision  with  central  or 
paracentral  scotoma,  which  is  usually  followed  by  recovery  of  vision, 
although  the  optic  disk  stili  shows  pallor.  The  affection  may,  however, 
rapidly  progress  until  the  entire  nerve  is  implieated,  and  vision  is  nearly 
if  not  completely  lost.  The  disease  may  arise  during  the  course  of  rheuma- 
tism,  gout,  diabetes,  smallpox,  and  other  toxa»mias,  or  may  follovv  orbital 
or  sinus  disease,  menstnial  suppression,  alcohol  or  lead  intoxication ;  and 
occasionally  is  found  in  insular  sclerosis  and  myelitis. 

In  chronic  retrobulbar  neuritis  there  exists  \vith  dimness  of  vision  a 
small  central  color  scotoma,  particularly  for  red  and  green,  the  horizontal 
oval  area  in  the  visual  field  extending  from  the  fixing  point  to  the  blind 
spot.  The  affection  is  found  principally  in  persons  using  large  quantitie8 
of  tobacco,  especially  when  combined  with  the  use  of  alcohol.  It  is  most 
frequently  noted  between  40  and  50  years  of  age,  and  has  also  been  found 
in  alcoholies  who  are  not  users  of  tobacco,  and  from  toxffimia  of  lead,  cannabis 
indica,  stramonium,  chloral,  carbon  bisulphide,  iodoform,  etc.  The  disturb- 
ance  of  vision  is  greater  for  near  objects,  and  is  more  marked  in  bright  light. 

A  form  of  retrobulbar  neuritis  similar  to  that  of  toxic  origin  appears 
as  an  hereditary  affection,  and  is  referred  to  as  hereditary  optic  neuritis. 
It  affects  several  members  of  a  familv,  especially  the  males,  and  has  been 
traced  through  several  generations.  The  optic  nerves  show  distinct  pallor. 
Vision  is  reduced  by  a  permanent  central, scotoma. 

Hemianopsia  (hemianopia)  is  a  loss  of  one>half  of  the  visual  field  of 
one  or  both  ej^es,  due  to  a  lesion  in  the  optic  chiasm,  along  the  optic  tracts, 
or  in  the  visual  centres  in  the  occipital  lobe.  It  does  not  include  defects 
in  the  field  caased  by  disease  within  the  eveball.  The  line  dividing  the 
seeing  from  the  blind  field  is  horizontal  or  vertical,  or  nearly  so,  and  may 
cut  exactly  through  the  fixing  point,  or  circumscribe  this  point  by  a  small 
zone  of  preserved  vision.    (See«  Fig.  387,  p.  733,  Vol.  II.) 

The  dividing  line  may  have  an  oblique  direction,  but  this  is  extremely 
pare,  or  only  a  sector,  commonly  a  quadrant,  of  the  field  may  be  wanting. 

Hemianopsia  is  classified  according  to  the  relative  position  of  the  blind 
portions  of  the  two  fields.  It  is  homonymans  if  there  is  loss  in  the  correspond- 
iog  halves  of  each  field ;  bitemporal  if  both  tempotiV  ^^\dL^  «x^  \X\xA^  %x^^ 
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binasal  wheii  the  nasal  halves  are  lost.  Wheii  the  dividing  line  between  the 
lost  and  preserved  field  is  vertical,  the  defect  is  known  as  vertical  hemi- 
anopsia,  aud  wheD  the  dividing  line  is  horizontal,  the  hemianopsia  is  hori- 
zontal or  altitudinal. 

UoMONVMOUS  UEMUNopsiA  is  the  commonest  form,  aad  reveals  itaelf  aa 
a  defect  in  the  right  or  left  half  of  each  visual  field.  Por  instance,  in 
Fig.  152  the  left  half  of  each  field  is  vvanting,  showing  loss  of  function  in  the 
right  half  of  eaeh  retina.  If  the  right  half  of  each  field  is  lost  the  conditioo 
is  right  laleral  hemianopsia;  in  loas  of  the  left  half  of  each  field,  left  lateral 
hemianopsia.  The  seat  of  the  lesion  in  homonymous  lateral  hernianopsia 
is  in  any  part  of  the  visual  tract  hetveen  the  chiasm  and  the  oceipital  lobe. 
BiTEUFOBAL  HEMIANOPSIA  Is  a  comparativeIy  rare  phenomenon,  but  one 
of  great  diaguostic  moment  when  found.    It  manifesta  itself  as  a  blindneas 


Flo.  1S2. — Di>Knm  of  pcrimetric  chart*  ol  riiht  UUral  hpmiBnaprift.  Hi«  <Urii  mreai  ibam  IcM 
of  tha  Dftnl  half  of  left  and  tcmponi  bmlt  of  risht  fnidi,  with  (onirmetioa  ol  tha  prHcmd  fiaklL  TIm 
diTidioB  Um  pua«  ■round  fiiini  point. 

of  the  outer  or  temporal  halves  of  the  visual  fields,  indieating  suspended 
function  of  the  nasal  portions  of  each  retina.  It  is  caused  by  a  lesion  whicb 
destro.vs  the  function  of  the  eroased  fibres  without  afTecting  the  uncroased 
fascieuli.  This  may  be  a  tumor,  fracture,  exostosia,  aneurism,  or  disease  of 
the  blood-vessels.  Loss  of  the  two  temporal  fields  is  seen  in  aeromegaly, 
although  it  is  not  a  constant  sjmaptom,  since  the  type  of  hemianopsia 
will  depend  upon  the  direction  the  presaure  is  exerted  npon  the  ehiaam 
and  traets, 

BiNAKAi,  HEMIANOPSIA,  in  whicb  both  the  nasal  fields  are  lost,  is  rare. 
If  it  is  true  that  the  erossed  and  unerossed  fibres  of  the  optie  nerve  are 
mingled  at  the  oiiter  balf  of  the  chiaara,  then  a  lesion  of  this  structure  cannot 
cause  binasal  hemianopsia.  Shoemaker  belleves  that  this  defect  in  the  fields 
is  dne  to  an  infiammation  of  the  optic  nerves. 

Both  upper  or  both  lower  fields  may  be  wanting.    In  thia  condition,  the 
lesion  is,  as  a  mle,  at  the  chiasm,  encroaching  on  it  from  above  or  below. 
//  tbe  biind  halves  of  the  field  hkv«  loat  not  onlf  perception  of  form 
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and  light,  but  also  of  color,  the  defect  is  absolute;  if  only  recognition  of  color 
is  lost,  the  hernianopsia  is  relative. 

Hemianopsia  as  a  Diagnostic  Symptom. — In  lateral  hernianopsia  the 
intracranial  lesion  is  on  the  opposite  side  from  the  dark  fields.  If  unasso- 
ciated  ^^nth  motor  or  sensory  8ymptom8,  the  lesion  is  confined  to  the  cuneus, 
or  the  immediately  surrounding  gray  matter;  a  lesion  in  one  nerve  traet, 
or  in  the  primary  optic  centres,  with  symptoms  of  basal  disease,  would  cause 
changes  in  the  pupil,  and  possibly  some  affection  of  the  nerve  head  could  be 
recognized.  Hemiplegia  and  hemianaesthesia  are  often  present  with  lateral 
hemianopsia,  indicating  organie  disease  of  the  brain,  the  lesion  being  situated 
in  the  internal  capsule.  If  right  hemiplegia  and  aphasia  are  associated  with 
lateral  hemianopsia,  an  extensive  lesion  probably  exists  of  the  area  supplied 
by  the  middle  cerebral  artery.  A  lesion  of  the  posterior  gray  matter  of  the 
optic  thalamus  could  produce  lateral  hemianopsia,  with  hemianiesthesia  and 
ataxia  of  one  side  of  body.  A  cortical  lesion  is  usually  associated  with  con- 
centric  contraction  of  the  preserved  fields,  or  is  found  in  cases  in  which  the 
light  sense  is  preserved,  but  the  color  or  form  sense  is  abolished. 

Hemianopic  Pupillary-inaction  Sion. — This  is  an  important  localiz- 
ing  sign  in  hemianopsia,  and  consists  in  carefully  noting  if  the  pupil  reacts 
to  a  beam  of  light  thrown  upon  the  non-functionating  half  of  the  retina. 
It  is  an  extremely  delicate  test  to  make,  owing  to  the  difficulty  of  restricting 
the  beam  of  light  so  that  it  shall  illuminate  the  non-acting  half  of  the  retina 
without  allowing  any  light  to  fall  upon  the  seeing  half.  If  the  pupil  reacts 
when  the  light  is  thrown  upon  either  the  blind  or  the  seeing  half  of  the 
retina,  the  lesion  is  back  of  the  primary  optic  centres;  but  if  there  is  no 
reaction  when  the  light  falls  upon  the  blind  side,  but  the  pupil  reacts  when 
the  light  falls  upon  the  functionating  side,  the  lesion  is  in  front  of  the 
primary  optic  centres,  and  in  that  position  has  affected  the  motor  are  of  the 
pupil.  The  test  should  always  be  made  in  a  vsrell-darkened  room,  with  barely 
sufficient  light  to  conduct  the  examination,  and  should  be  confirmed  by  a 
second  observer  before  basing  a  diagnosis  on  its  apparent  presence.  Owing 
to  the  difficulty  of  absolutely  demonstrating  the  presence  of  the  reaction  it  is 
of  limited  value.  The  hemianopic  prism  phenomenon  of  Wilbrand  is 
regarded  by  many  observers  of  more  usefulness.  It  consists  of  placing  a 
strong  prism  before  one  eye,  so  that  the  image  of  a  small  piece  of  paper  on  a 
blackboard  is  thrown  upon  the  blind  half  of  the  retina.  The  observer  notes 
whether  the  eye  makes  a  compensatory  movement  when  the  prism  is  quickly 
placed  before  the  eye,  and  a  movement  in  the  opposite  direction  when  the 
prism  is  removed.    The  other  eye  is  bandaged  in  making  the  -tests. 

Hysterical  Amaurosis« — The  diagnosis  of  visual  defects  due  to  hysteria 
is  sometimes  diflRcult,  although  healthy  eve-grounds  and  pupils  normally 
reacting  to  light  would  polnt  strongly  to  hysteria.  Cases  of  hysteric  blind- 
ness  bave  been  reported,  however,  in  which  light  failed  to  have  any  action 
on  the  pupil. 

If  unilateral  blindness  arises  suddenly,  following  fright,  emotional 
excitement,  slight  injury,  or  menstrual  pain,  hy8teria  may  be  suspected. 
While  the  defect  may  be  bilateral,  it  is  more  often  unilateral.  It  is  not 
oncommon  to  find,  associated  with  the  ocular  83anptoms,  other  disturbanceaoC 
iensation,  such  as  hemianaesthesia  of  the  sldn,  coTivoa^  ot  ^oTk^\xTk<i^>LV9vv..  ^^ 
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the  amaurosis  is  restricted  to  one  eye,  under  some  conditions  it  may  be 
transferred  to  the  other  teraporarily;  and,  again,  the  unilateral  eharacter 
of  the  affection  may  entirely  disappear  in  binocular  fixationy  as  proved  by 
the  diplopia  if  a  prism  of  suffieient  strength  to  prevent  normal  f usion  is 
plaeed  before  one  eye. 

Not  only  may  the  vision  be  reduced  in  hy8teria,  but  changes  in  the 
peripheral  field  are  eommon.  The  contraetion  in  the  field  is  iisually  equal 
in  the  different  meridians,  and  is  often  of  the  tubular  type,  in  which  the 
limits  of  contraetion  remain  the  same,  no  matter  what  distance  the  test 
objeet  is  removed  from  the  eye.  The  field  for  colors  likewise  8hows  con- 
centric  contraetion,  or  the  limits  of  one  color  may  overlap  that  of  another, 
or  there  may  be  a  eomplete  reversal  of  the  colors.  In  some  instanees  the 
so-called  fatigue  fields  are  found,  in  which  the  limits  constantly  change  dur- 
ing  the  examination  or  vary  according  as  the  test  objeet  is  carried  from  the 
temporal  to  the  nasal  side,  or  vice  versa. 

Optic  Neuritis. — Inflammation  may  affect  the  optic  nerves  at  their 
intra-ocular  portions  (papillitis)  or  in  their  course  in  the  orbit  (retrobulbar 
neuritis).  Under  the  term  hyper(emia  of  the  nerve  head  is  included  a  type  of 
optic-nerve  irritation  in  which  the  disks  become  of  dull  red  color,  the  surface 
and  margins  veiled,  and  the  lymph  sheaths  of  the  vessels  prominent.  It  is 
seen  in  refractive  error,  particularly  hyperopia  and  hyperopic  astigmatism, 
after  long-continued  exposure  to  intense  light  or  heat,  in  some  types  of 
inflammation  of  the  uveal  tract,  in  orbital  and  sinus  disease,  in  chronic 
insanity,  and  from  toxic  agents. 

Papillitis.  — Optic  neuritis  may  be  manifest  as  a  true  inflammation  of 
the  nerve  tissue,  a  swelling  of  the  intra-ocular  ending  of  the  optic  nerve,  or  as 
a  descending  neuritis.  The  changes  in  the  optic-nerve  head  may  range 
from  a  decided  redness,  moderate  swelling,  and  blurring  of  the  margins,  to 
an  intense  rounded  protrusion  of  the  disk  from  inflammatory  exudation,  red- 
dish  gray  in  color  and  sloping  down  into  the  surrounding  retina,  the  retinal 
arteries  shninken,  and  the  veins  fuU  and  tortuous  and  covered  in  by  infil- 
tration  or  ending  in  numerous  hemorrhages.  Upon  subsidence  of  the  inflam- 
mation the  nerve  head  becomes  grayish  white  in  color,  the  (Bdema  subsides, 
and  the  extent  to  which  the  pressure  has  affected  the  nerve-fibres  is  shown 
by  the  degree  of  optic  atrophy  that  follows. 

A  moderate  degree  of  papillitis,  associated  with  hemorrhages  through- 
out  the  retina,  few  changes  in  the  vessels,  and  spots  of  fatty  degeneration 
of  the  retinal  elements,  is  described  as  neuroretiniiis,  and  is  the  type  most 
frequently  found  in  association  with  renal  disease.  The  intense  swelling  of 
the  papilla,  with  exudation  and  tortuosity  of  the  veins,  is  termed  choked  disk 
or  papillcedema,  and  is  the  usual  type  found  in  certain  forms  of  brain  tumor. 

The  neuritis  may  be  due  to  afTections  of  the  orbit,  such  as  fracture, 
orbital  tumors,  purulent  cellulitis,  and  sinus  disease.  Intracranial  canses 
are  tumors,  syphilis,  abscess,  and  meningitis.  Tumors  of  the  brain  cause 
about  eighty  per  cent.  of  the  cases  of  choked  disk,  with  cerebral  syphilis  aboat 
ten  per  cent. 

The  situation  of  the  intracranial  portion  of  the  optic  nerve  tracte  at 

the  base  of  the  brain  renders  them  particularly  liable  to  implication  ui  in- 

dammationa  ot  tbe  basal  portion  of  the  menmi^eft  and  to  tlie  premm  of 
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tumors  and  abscesses.  In  children,  tubercular  meningitis  is  usually  aceom- 
panied  by  swelling  of  the  optic  disk.  The  absence  of  affeetions  of  the  optic 
nerve  does  not  preclude  the  presence  of  a  new  growth  in  the  brain,  although 
when  the  base,  and  partieularly  the  eerebellum,  is  the  seat  of  a  neoplasm, 
swelling  of  the  optic  disk  is  almost  always  present.  Double  optic  neuritis  of 
high  degree,  rapidly  progressive,  and  accompanied  by  marked  exudation  in 
the  nerve  and  surrounding  retina,  usually  indicates  a  tumor  of  the  eere- 
bellum, while  one  of  slower  growth,  less  intense,  and  either  unilateral  or 
considerably  greater  on  one  side  than  on  the  other,  is  scen  in  neoplasms  of 
the  cerebrum.  In  about  one-third  of  aH  the  cases  there  is  associated  palsy 
of  the  ocular  muscles,  usually  the  sixth  or  third  nerves,  but  these  palsies 
occur  more  f  requently  in  brain  syphilis  than  in  brain  tumor. 

The  **stellate  figure'*  in  the  macula,  which  is  seen  in  a  large  proportion 
of  the  cases  of  renal  retinitis,  is  not  uncommon  in  the  intense  papillitis  of 
brain  tumor.  Tumors  or  abscesses  of  the  f  rontal  region  or  those  arising  f  rom 
the  meningitis  rarely  cause  optic  neuritis,  although  swelling  of  the  optic 
disk  may  occur.  A  growth  in  the  pituitarv  region  may  cause  iniiammation 
of  the  optic  nerves,  but  it  is  more  frequent  to  find  simple  atrophy. 

Apart  from  the  intracranial  causes,  optic  neuritis  may  occur  frora 
general  infections.  These  are  in  the  nature  of  a  toxin,  occurring  in  such 
diseases  as  influenza,  syphilis,  malaria,  rheumatism,  erysipelas,  and  many  of 
the  exanthematoiis  and  continued  f evers.  Lead  and  alcohol  may  also  cause 
inflammation  of  the  optic  nerve,  and  the  same  process  is  seen  in  ansemia, 
loss  of  blood,  sunstroke,  and  after  violent  exertion.  Syphilis  may  cause  a 
primary  neuritis  or  act  secondarily  through  gumma  of  the  brain  or  meninges. 

Unilateral  optic  neuritis  may  be  dne  to  orbital  or  sinus  disease,  and  in 
rare  instances  to  cerebral  tumor,  in  which  the  neuritis  occurs  on  the  side 
of  the  neoplasm.  The  inflammation  of  the  retina  and  optic  nerve  of  nephritis 
and  certain  constitutional  disorders  is  of  ten  unilateral,  but  with  the  progress 
of  the  8ystemic  disease  the  inflammation  attacks  the  other  eye. 

Central  vision  is  usually  nnimpaired  even  in  intense  papillitis  during 
the  acute  stage,  and  if  defects  in  vision  occur  they  partake  of  the  nature  of 
defects  in  the  visual  field — an  enlargement  of  the  blind  spot,  concentric  con- 
traction,  and  inversion  of  the  color  fields,  the  latter  occasipna)ly  preceding 
ehanges  in  the  optic  nerve. 

RetrobullNU-  neuritis  has  been  considered  under  Amblyopia. 

Optic-nerve  Atrophy. — Degeneration  and  atrophy  of  the  optic  nerves 
may  be  primary,  when  there  has  been  no  previous  inflammation  or  swelling 
of  the  papilla,  or  secondary,  if  preceded  by  previous  optic  neuritis  or  due 
to  affeetions  of  the  retina  and  choroid.  In  both  forms  there  are  ehanges  in 
the  color  of  the  disk,  varying  from  a  gray  to  grayish  white,  with  the  edges 
U8ually  clear  and  distinct  in  the  primary  forms,  but  veiled  in  the  secondary. 

Prlmary  atrophy  is  more  frequently  associated  with  spinal  disease, 
particularly  locomotor  ataxia,  in  which  it  usually  appears  before  the  ataxic 
symptom5^  It  is  also  found  in  insular  sclerosis,  paralysis  of  the  insane,  and 
occa8ionally  in  lateral  sclerosis.  It  may  occur  as  a  result  of  exce8sive  hemor- 
rhage  from  the  stomach,  uterus,  or  intestines,  in  the  tox8emia  of  f  evers,  alcohol 
or  lead  poisoning,  in  chronic  malaria,  syphilis,  and  diabetes,  in  fractures  of 
the  base,  and  in  deformities  of  the  skull.    IleTed\\Arv  cy^\!\^-TvKCN^  %Xx^'S^ 
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ii|i|MUirN  in  rHrly  udult  lifo,  with  a  short  interval  between  the  involvement  of 
llm  miiMiiHl  <!D'o.  AfttT  several  months  the  optic  nerve  shows  distinct  pallor, 
\\i(h  mt»Ht  frequently  a  pernianent  central  scotoma. 

Se€ondary  or  Consecutive  Atrophy. — ^The  eontracted  retinal  arteries,  the 
dilatoil  and  tnrtiioiis  veins.  and  the  veiling  of  the  surface  and  edges  of  the 
optio  nrrvt'  point  to  a  provious  papillitis.  Extensiye  retinal  and  choroidal 
diseaso  «lso  n*sults  in  atr\>phy  of  the  nerve,  as  will  pressnre  upon  the  nerve- 
tihros  l\v  an  anourusnu  tumor,  or  exo6tosis. 

Kctinitte*—  Tho  retina  is  implicated  in  disease  affecting  the  intra-ocular 
ond  of  llu^  optio  uorve,  and  also  from  extension  of  disease  from  the  ciliarv 
KstN  i4U\t  \'h\vr\ud.  The  inriauuuation  is  associated  with  cedema  and  exuda- 
i  .x^u.  \\\Iv,v';k»*i  of  \i5jiv*u.  t»?^jH\'ially  uuder  redueed  illumination,  hemorrhages 
^  ■■t.'^  'u  it»o  nt»iv  lj^>cr  or  dee^^r,  small-cell  infiltration,  and  tortuosity  of 
t''s'  *\v  '.ui*  \vtis(%.N^  ^ith  chaivjcvs  in  their  ealibre.  Congenital  tortuosity  of 
's  »o  'v !  '^Ni  ^v>««\'K  ^'?^^*^vi<iny  of  the  veiiis,  is  frequently  seen.  In  individuals 
\\  <•  ■»  vv't»«s:**"'^**<  hcArc  U^sioits  the  retinal  veins  are  often  dilated  and  tortuous, 
4 'Ivi  :  :u»  .4*  ivtuti  Aiv  iK'arl\  as  vbrk  iu  oolor  as  the  veins.  Small  hemorrhages 
•:j.4,\    v  š^iUKi  ?K\ir  ! iio  o^cic  iierve  or  iu  the  maeula. 

J\vii*»:r'.N  -»Jvo  iniisaitd  iruU^ovvrlitis^  may  be  considered  in  the  majoritv 
.^'  !i.xU4K  v*<^  iS.  .t  MU4riiU»?vtartou  ot  A»me  toxio  prooess,  sueh  as  is  seen  in  manv 
.  x»;ix;.:  u:  ioiiu-  viKM>i\li'»'s*  Aiioratious  iu  the  v^uidition  of  the  blood  and  vessels, 
i-ui  j4.vsPoax  I*,  'na,^  r\»i'A»>*  o\:eusiou  from  other  ocular  structures.  It 
•N    'Moii  .lr\uii\i   '\*t'  <i\i\i\   as  ro  <»cioU>4:y-into  syphilitic,  diabetie,  renal, 

iu»  ;:u.tH\.    'U-inv*!*  iuVK\  CtV. 

S\inii'nv  Umim ns*  Vhe  lui^si  ivmmon  form  of  intlamniation  is 
»»..•»  ;i*.»xi  >'M\'\  •.»iA^'-.'i*:4::oii  o:  :he  pimiont  layer,  with  marked  changes  in 
iii,  .  ;u^:k«.v1.  isul  'N  .».sMV\4'ivI  «::h  r?iiiu'iil  vision.  dust-like  opaoities  in  the 
\  '!vA'::^  i'4vi  M*;)!:  's tjuitn^ss,  Hereditar>' syphilitie  affeotions  are  seeu  in 
.;.  •».  .v    •:     ij*  ij:»t>*.r!\\i  vatohes  of  retinal  and  choroidal  atrophy  with  some 

'Sv...i.v    Umimiis.     The  small  white  dots  with  hemorrhages  in  the 

.     .1  ."     Iu-  'luu-dla  auvl  towards  the  optic  nerve  from  tlie  maeula  is  the 

•  ,,;  .xjj:    !v»rrti      Iu  svmie  cases  thcrc  are  extensive  areas  of  fatty  de- 

..    vM  u  '  ii  >ol\»wish  exudation  in  the  rcjrion  of  the  maeula,  with  smaller 

.  i.i  'u:iu'j  rh.ii^-s  s^»attercd  throuj^h  the  rctina.    Both  eyes  are  affected, 

\\-'li  aii  mtenal  l>etwecn. 

V    .    uiM  KK'   KirriNiTis. — Tho  carly  <*hangcs  appear  as  sw(dlen  and 

■  1 .  ,.4i»r:.ino:<,  oongestion  of  the  ncrvc  hcad  as  indieated  by  a  change 

...   .      ,.\»«    \^  i!h  lator  the  appcaran<M»  of  small  round  whitish  dots  and  hemor- 

.  'i  .  ^  .   M  \\w  luiuula.    The  typical  star-shnped  fi^nire  is  not  alway8  present. 

\    ..  i'i>   ^^MK  o>t'8  an*  atTtK?ted,  Imt  the  sijrns  of  conjrestion  and  oedema  may 

i..     i  \xMw  onl\  Iv  in  one  eye,  with  implication  of  the  other  ej-e  at  a  subse- 

,  .  ..I  vtato.     Tho  alK>ve  appearances  are  not  found  in  everj'  čase  of  chronic 

i.  n  i'  .tiv\*.M\  and  pn)bably  not  more  than  one-fourth  of  the  cases  of  chronic 

i.uii    vliM\4M*  o\hibit    nerve   and    retinal   changes.     The  ophthalmoseopic 

|.iv  luu.^  M'011  iu  pregnancy  are  similar  to  those  mentioned  above,  and  are 

.1..    1».  i\w  xi\\w  toxins  that  produee  the  lesions  in  chronic  renal  disease.    The 

»lnhiiiiiiali^l  diagnoaia between  the  fundus  changes  in  intracranial  disease 

.i/i./  khiui\i  MrtWtion8  must  be  determiued  by  other  factors,  including  the 
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urine  exammation  and  general  symptoras.  The  swelling  of  the  optic  nerve 
and  the  exudation  are  more  intense  in  brain  affeetions. 

Retinal  Hemorrhaoes. — Extravasation  of  blood  into  the  retina  may 
oecur  independently  of  any  inflammation  of  the  retina.  It  is  usually  the 
evidence  of  extensive  vascular  disease,  or  of  organic  heart  affeetions.  It 
occurs  in  the  type  of  neuroretinitis  associated  with  chronic  nephritis,  dia- 
betes, and  general  arteriosclerosis ;  also  in  seurvy,  purpura,  polycythemia, 
marked  anaemia,  in  the  new-born  suppressed  menstruation,  and  in  eompres- 
sion  of  the  thorax.  Embolism  or  thrombosis  is  associated  with  extensive 
hemorrhages  f rom  the  retinal  vessels.  Retinitis  with  hemorrhages  resembling 
those  seen  in  renal  disease  are  of  ten  present  in  simple  anaemia  and  chlorosis. 
The  position  and  extent  of  the  hemorrhage  determines  the  effect  on  vision. 

Obstruction  op  the  Retinal  Vessels. — An  embolism  of  the  central 
artery  of  the  retina  is  regarded  as  of  rare  occurrence,  the  general  symptoms 
of  occlusion  of  the  artery  or  its  branches  being  secondary  to  thrombosis  or 
to  obliterating  disease  of  the  walls  of  the  vessel.  Sudden  blindness  follows 
complete  obstruction  of  the  central  vessel,  whereas  in  plugging  of  one  of  the 
smaller  vessels  the  blind  area  will  correspond  to  the  section  of  the  retina 
supplied  by  the  vessel  affected.  Prior  to  the  attack  there  may  have  been 
periods  of  blurred  vision  for  a  considerable  period,  due  to  spasm  of  the  retinal 
vessels.  The  f undus  picture  in  embolism  of  the  central  artery  shows  a  pallid 
disk,  great  contraction  of  the  arteries,  a  clouding  of  the  retina,  and  the 
appearance  of  a  central  red  spot  in  the  fovea.  The  affection  is  seen  in 
valvular  cardiac  lesions,  in  endarteritis,  and  changes  in  the  composition  of 
the  blood,  although  in  about  one-third  of  the  recorded  cases  no  cause  could 
be  found,  the  patients  being  in  good  health  and  later  show  no  evidence  of 
organic  disease.  A  large  proportion  of  those  affected  were  females  under 
thirty  year8  of  age. 

Thrombosis  of  the  central  retinal  vein  is  accompanied  by  rapid  reduction 
in  the  vision  until  only  the  ability  to  count  fingers  at  a  f ew  feet  is  preserved, 
with  the  ophthalmoscopic  picture  of  large  hemorrhages  with  later  yellowish- 
white  areas  between  them.  In  incomplete  obstruction  the  disturbance  of 
vision  depends  upon  the  extent  of  the  involved  retina.  Secondary  glaucoma 
is  a  f  requent  complication,  requiring  enucleation  of  the  eyeball,  as  the  disease 
is  not  favorably  infiuenced  by  the  usual  forms  of  treatment  by  miotics  or 
iridectomy. 

Retinal  Detachment. — Separation  of  the  retina  is  seen  in  high  degrees 
of  nryopia,  following  traumatism,  effusion  of  blood  or  exudation  beneath  the 
retina,  and  from  growths  of  the  choroid.  The  detachment,  which  may  f ollow 
direct  injury,  sudden  strain  as  in  vomiting,  coughing,  or  lifting  heavy 
objects,  is  sudden,  and  is  accompanied  with  sudden  loss  of  vision  in  that 
portion  of  the  field  of  vision  opposite  to  the  detached  area.  In  instances  of 
8lowly  formed  detachment,  the  vitreous  becomes  fluid  and  filled  with  tloating 
opacities.  The  diagnosis  of  detachment  is  readily  made  with  the  ophthalmo- 
scope,  especially  if  the  separation  is  of  large  size,  the  separated  retina  being 
thrown  in  folds  of  pearly  gray  color,  over  which  the  retinal  vessels  pass. 

Arteriosclerosis. — A  studv  of  the  changes  in  the  retinal  blood-vessels 
is  of  extreme  importance  as  bearinsr  on  the  early  diagnosis  of  various  phases 
of  general  arteriosclerosis.    The  early  alterationa  \w  iVv^  T^\\Ti»\  ^\x^\3NaS\ws. 
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wliich  should  direct  att^^ntion  to  general  8yniptom8  indicative  of  beguuunir 
sclerotie  changes  are  tortuosity  of  one  or  more  of  the  smaller  arteriea,  the 
evidence  of  undue  pressure  of  an  artery  at  its  point  of  crossinir  of  a  rethial 
vein,  an  increase  of  the  light  reflex  of  the  arteries,  and  irregularity  of  the 
ealibre  of  the  veins.  At  first  the  vein  is  simply  displaced  in  the  direction 
of  the  arterial  cireiilation,  and  its  flow  slightly  obstructed;  later  the  venons 
current  is  markedly  impeded,  and  the  vein  greatly  naiTowed  where  the 
arterial  pressure  is  exerted,  and  is  distended  on  the  peripheral  side.  These 
changes  are  rarely  accompanied  by  siiflRcient  fibrous  thiekening  to  caujse  white 
lines  of  perivascular  inflammation  along  the  vessel.  As  the  vessel  vralls  lose 
their  elastieity,  the  impediment  to  the  flow  of  blood  results  in  tortuons  ves- 
selS;  the  escape  of  fluid  into  the  surrounding  tissues,  and  retinal  (Bdema. 
These  conditions  are  not  due  to  old  age  only,  but  to  actual  sclerosis  of  the 
vessels  from  disease.  These  early  changes  are  difficult  to  diagnose  except 
by  a  skilful  observer. 

The  importance  of  early  recognition  of  these  ocular  changes  lies  in  their 
association  with  similar  disease  of  the  brain  and  kidney.  There  is  no  diflB- 
culty  in  determining  by  the  ophthalmascope  the  evidence  in  the  eye-ground 
of  well-advanced  types  of  arteriosclerosis,  but  it  is  important  that  recognition 
of  these  signs  should  be  made  bef  ore  the  disease  has  reached  a  point  where 
treatment  is  ineffectual.  De  Schweinitz  called  especial  attention  to  the 
value  of  early  recognition  of  the  signs,  even  though  they  be  only  suggestive 
of  angiosclerosis  of  the  retinal  vessels  in  persons  who  have  reached  the  age 
at  which  vessel  degeneration  may  begin  to  appear,  and  who  consult  the  oph- 
thalmologtrt  for  a  change  of  reading  glasses.  These  signs  are  **a  corkacrew 
appearance  of  individual  vessels,  a  slight  thiekening  of  the  perivascular 
lymph  sheaths,  a  beginning  l)riek-dust  appearance  of  the  optic  nerve-head, 
and  a  flattening  of  a  vein  against  an  arterj'  or  a  bending  in  a  curve  of  the 
vein  overlying  the  artery.'*  With  these  retinal  conditions  present  the  phy- 
sician  should  carefully  examine  the  cardiovascular  system,  and  accurately 
test  the  arterial  tension  by  approved  means,  and,  should  the  tests  confirm 
the  retinal  findings,  institute  appropriate  treatment,  which  mav  save  not 
only  lesions  of  the  eyes  but  of  other  structures,  notably  the  brain,  which, 
if  thi!y  occur,  may  prove  fatal. 
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appears  in  early  adult  life,  with  a  short  interval  between  the  involvement  of 
the  second  eye.  After  several  months  the  optic  nerve  shows  distinct  pallor, 
with  most  frequently  a  permanent  central  scotoma. 

Secondary  or  Consecutive  Atrophy. — The  contracted  retinal  arteries,  the 
dilated  and  tortuous  veins,  and  the  veiling  of  the  surface  and  edges  of  the 
optic  nerve  point  to  a  previous  papillitis.  Extensive  retinal  and  choroidal 
disease  also  results  in  atrophy  of  the  nerve,  as  will  pressure  upon  the  nerve- 
fibres  by  an  aneurism,  tumor,  or  exostosis. 

Retinitis. — ^The  retina  is  implicated  in  disease  affecting  the  intra-ocular 
end  of  the  optie  nerve,  and  also  from  extension  of  disease  from  the  ciliary 
body  and  choroid.  The  inflammation  is  associated  with  oedema  and  exuda- 
tion,  reduction  of  vision,  especially  under  reduced  illumination,  hemorrhages 
either  in  the  fibre  layer  or  deeper,  small-cell  infiltration,  and  tortuosity  of 
the  retinal  vessels,  with  changes  in  their  calibre.  Congenital  tortuosity  of 
the  retinal  vessels,  especially  of  the  veins,  is  frequently  seen.  In  individuals 
with  congenital  heart  lesions  the  retinal  veins  are  often  dilated  and  tortuous, 
and  the  arteries  are  nearly  as  dark  in  color  as  the  veins.  Small  hemorrhages 
may  be  found  near  the  optic  nerve  or  in  the  macula. 

Retinitis,  like  iritis  and  irido-cyclitis,  may  be  considered  in  the  majority 
of  instances  as  a  manifestation  of  some  toxic  process,  such  as  is  seen  in  many 
constitutional  disorders,  alterations  in  the  condition  of  the  blood  and  vessels, 
and  infections.  It  may  follow  extension  from  other  ocular  structures.  It 
is  often  divided  for  study  as  to  etiologyinto  syphilitic,  diabetic,  renal, 
traumatic,  hemorrhagic,  etc. 

Stphiljtic  Retinitis. — The  most  common  form  of  inflammation  is 
associated  with  proliferation  of  the  pigment  layer,  with  marked  changes  in 
the  choroid,  and  is  associated  with  reduced  vision,  dust-like  opacities  in  the 
vitreous,  and  night  blindness.  Hereditary  8yphilitic  affections  are  seen  in 
diffuse  or  circumscribed  patches  of  retinal  and  choroidal  atrophy  with  some 
pigmentation. 

Diabetic  Retinitis. — The  small  white  dots  with  hemorrhages  in  the 
region  of  the  macula  and  towards  the  optic  nerve  from  the  macula  is  the 
more  frequent  form.  In  some  cases  there  are  extensive  areas  of  fatty  de- 
generation  with  yellowish  exudation  in  the  region  of  the  macula,  with  smaller 
areas  and  hemorrhages  scattered  through  the  retina.  Both  eyes  are  affected, 
sometimes  with  an  interval  between. 

Albuminuric  Retinitis. — The  early  changes  appear  as  swollen  and 
tortuous  capillaries,  congestion  of  the  nerve  head  as  indicated  by  a  change 
in  its  color,  with  later  the  appearance  of  small  round  whitish  dots  and  hemor- 
rhages in  the  macula.  The  typical  star-shaped  figure  is  not  alwa3r8  present. 
Usually  both  eyes  are  affected,  but  the  signs  of  congestion  and  oedema  may 
for  a  time  only  be  in  one  eye,  with  implication  of  the  other  eye  at  a  subse- 
quent  date.  The  above  appearances  are  not  found  in  every  čase  of  chronic 
renal  disease,  and  probably  not  more  than  one-fourth  of  the  cases  of  chronic 
renal  disease  exhibit  nerve  and  retinal  changes.  The  ophthalmoscopic 
pictures  seen  in  pregnancy  are  similar  to  those  mentioned  above,  and  are 
due  to  the  same  toxins  that  produee  the  lesions  in  chronic  renal  disease.  The 
differentiated  diagnosia  between  the  fundus  changes  in  intracranial  disease 
and  kidney  affections  must  be  determined  by  other  faetors,  inelndiiig  the 
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urine  exammation  and  general  symptoms.  The  swelling  of  the  optie  nerve 
and  the  exudation  are  more  intense  in  brain  affections. 

Retinal  Hemorrhages. — Extrava8ation  of  blood  into  the  retina  may 
occur  independently  of  any  inflammation  of  the  retina.  It  is  usually  the 
evidence  of  extensive  vascular  disease,  or  of  organic  heart  affections.  It 
occurs  in  the  type  of  neuroretinitis  associated  with  chronic  nephritis,  dia- 
betes, and  general  arteriosclerosis ;  also  in  scurvy,  purpura,  polycythemia, 
marked  anaemia,  in  the  new-born  suppressed  menstruation,  and  in  compres- 
sion  of  the  thorax.  Embolism  or  thrombosis  is  associated  with  extensive 
hemorrhages  f rom  the  retinal  vessels.  Retinitis  with  hemorrhages  resembling 
those  seen  in  renal  disease  are  often  present  in  simple  ansemia  and  chlorosis. 
The  position  and  extent  of  the  hemorrhage  determines  the  effect  on  vision. 

Obstruction  op  the  Retinal  Vessels. — An  embolism  of  the  central 
artery  of  the  retina  is  regarded  as  of  rare  occurrence,  the  general  symptoms 
of  occlusion  of  the  artery  or  its  branches  being  secondary  to  thrombosis  or 
to  obliterating  disease  of  the  walls  of  the  vessel.  Sudden  blindness  follows 
complete  obstruction  of  the  central  vessel,  whereas  in  plugging  of  one  of  the 
smaller  vessels  the  blind  area  will  correspond  to  the  section  of  the  retina 
supplied  by  the  vessel  affected.  Prior  to  the  attack  there  may  have  been 
periods  of  blurred  vision  for  a  considerable  period,  due  to  spasm  of  the  retinal 
vessels.  The  f  undus  picture  in  embolism  of  the  central  artery  shows  a  pallid 
disk,  great  contraction  of  the  arteries,  a  clouding  of  the  retina,  and  the 
appearance  of  a  central  red  spot  in  the  fovea.  The  affection  is  seen  in 
valvular  cardiac  lesions,  in  endarteritis,  and  changes  in  the  composition  of 
the  blood,  although  in  about  one-third  of  the  recorded  cases  no  cause  could 
be  found,  the  patients  being  in  good  health  and  later  show  no  evidence  of 
organic  disease.  A  large  proportion  of  those  affected  were  females  under 
thirty  year8  of  age. 

Thrombosis  of  the  central  retinal  vein  is  accompanied  by  rapid  reduction 
in  the  vision  until  only  the  ability  to  count  fingers  at  a  few  feet  is  preserved, 
with  the  ophthalmoscopic  picture  of  large  hemorrhages  with  later  yellowish- 
white  areas  between  them.  In  incomplete  obstruction  the  disturbance  of 
vision  depends  upon  the  extent  of  the  involved  retina.  Secondary  glaucoma 
is  a  f  requent  complication,  requiring  enucleation  of  the  eyeball,  as  the  disease 
is  not  favorably  influenced  by  the  usual  forms  of  treatment  by  miotics  or 
iridectomy. 

Retinal  Detachment. — Separation  of  the  retina  is  seen  in  high  degrees 
of  myopia,  following  traumatism,  effusion  of  blood  or  exudation  beneath  the 
retina,  and  from  growths  of  the  choroid.  The  detachment,  which  may  f ollow 
direct  injury,  sudden  strain  as  in  vomiting,  coughing,  or  lifting  heavy 
objects,  is  sudden,  and  is  accompanied  with  sudden  loss  of  vision  in  that 
portion  of  the  field  of  vision  opposite  to  the  detached  area.  In  instances  of 
8lowly  formed  detachment,  the  vitreous  becomes  fiuid  and  filled  with  floating 
opacities.  The  diagnosis  of  detachment  is  readily  made  with  the  ophthalmo- 
scope,  especially  if  the  separation  is  of  large  size,  the  separated  retina  being 
thrown  in  folds  of  pearly  gray  color,  over  which  the  retinal  vessels  pass. 

Arteriosci^rosir. — A  studv  of  the  changes  in  the  retinal  blood-vessels 
is  of  extreme  importance  as  bearinsr  on  the  early  diajjnosis  of  various  phases 
of  general  arteriosclerosis.    The  early  alterations  in  the  retinal  circulation 
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placement  device.  The  resultant  negatives  are  then  viewed  by  raeans  of  a 
stereoscope.  Reductiona  may  be  made  from  the  original  negatives  aad  viewed 
by  means  of  the  ordinary  hand  atereoscope. 

Examtnation3  of  the  head  should  always  be  made  stereordntgenographic- 
ally.  In  this  way  the  diagnosis  of  lesions  of  the  accesE^ry  sinuses,  includii^ 
the  mastoid  cells,  ia  made  with  much  accuracy.  A  sinus  filied  with  pus  is 
more  nearly  opaque  to  the  ray3  than  one  containing  air;  even  granulation 
tissue  or  retained  mucus  casts  8hadows  distingui&hable  frona  the  norma). 
The  importance  of  this  procedure  becomes  apparent  when  one  considers  the 
frequency  of  sinus  or  mastoid  infection  as  complications  or  8equelie  to  the 
infectious  diseases.  Intracranial  lesions  are  shown  by  the  effect  they  produce 
on  the  inner  table  of  the  skull  or  the  sutures,  or,  if  they  possess  a  density 
greater  than  that  of  the  brain  substance,  by  the  presence  of  foreign  shadows. 
Any  localized  organic  lesion  of  the  cortex  of  the  brain  will  produce  changes 
in  the  inner  table  of  the  skull  either  by  way  of  bone  atrophy  due  to  increased 
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local  pressure  or  by  actual  destruction  of  boneinvolved  in  the  disease  process. 
When  intracranial  pressure  is  increased  by  dilatation  of  the  ventricles  the 
convolutions  of  the  brain  soon  produce  impressions  on  the  inner  table  which 
show  clearly  on  the  rontgenogram,  and  in  the  cases  of  children  the  ekull 
eutures  are  shown  to  be  more  separated  than  normal.  Acute  extemal  hydro- 
cephalus  causes  the  sutures  to  separate,  but  even  the  normal  convolution 
impressions  are  absent.  Disorders  of  the  pituttary  are  manifested  by  some 
deviation  from  the  normal  in  the  rontgenographic  appearance  of  the  seUa 
turcica.    Diseases  and  abnonnalities  about  the  teeth  may  be  shown  ciearly. 

The  thorax,  because  of  the  great  contrast  in  density  of  its  contained 
organa,  is  most  accessible  to  Rontgen-ray  study.  One  should  become  thor- 
oughly  familiar  with  rontgenograms  of  many  normal  chests  before  attempting 
to  recognize  the  abnormal  unless  it  has  l>een  carefully  indicated  by  one  who 
is  ekilled.  Only  in  this  way  is  it  possible  to  appreciate  the  very  early  deposita 
t^a  tuberculous  lesion  or  other  iufiltrating  process,  a  thickening  of  tbe  pleurs, 
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iiiflammatory  thickenii^  or  dilatation  of  the  bronchial  tubes,  enlargement 
of  the  peribronchial  glands,  the  extent  of  lung  involvement,  the  presence  and 
extent  of  pneumotborax  or  of  pleural  effusion,  enlargement  of  the  thymu3 
glaod,  exi8tence  of  substemal  goitre,  and  variations  from  the  nonnal  in  the 


gize  and  contour  of  the  heart  and  large  blood-vessels.  Some  of  these  condi- 
tions  are  diagnosed  positively  without  other  aid,  but  as  a  nile  careful  physical 
examinatioii  and  clinical  8tudy  are  essential  to  correct  differential  diagnosis. 
For  instance,  the  rdntgenc^ram  of  enlarged  peribronchial  glands  does  not 
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indicate  whether  the  enlai^ement  is  due  to  tuberculous  or  other  infection, 
and  B  history  of  measles,  influenza,  or  other  iufectious  disease  is  sufficient 
to  limit  the  diagnostic  value  of  the  plate.  Again,  the  infiltration  of  syphilia 
bas  much  the  same  rontgenographtc  appearance  aa  tuberculous  in&Itration, 
And  BO  instances  might  be  multiplied.    Ali  intrathoracic  coaditvo^\&  •&-r£Ks^ 
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mediastinal  tumors,  lesions  of  the  circulatory  organs,  and  those  mvolving 
the  diaphragm  are  best  revealed  by  the  rontgenograpbic  metbod.  Tbe 
preseace  or  absence  of  pulsation,  and  tbe  excuieus  of  the  diapbragm  can  onIy 


o(  hflut      Nodes  (d^ollr 

be  detennined  by  means  of  the  rontgenoscope.  With  tbe  modem  apparatus 
one  can  make  a  tracing  which  shows  accuFateIy  the  size  of  the  beart  and  its 
relations  to  other  structures,  the  size  and  extent  of  pulsation  of  an  aneurism. 


tbe  excursus  of  the  diapbragm,  ^c.  The  size  of  the  beart  in  its  lateral  and 
vertical  dimenstons  can  be  shown  on  a  rontgenc^am  if  tbe  expo8ure  ia  nude 
witb  tbe  tube  at  a  distance  of  seven  feet  or  more.  Such  a  picture  is  knom 
as  a  telerdntgenogram. 
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Again,  stereorSntgenograms  are  of  the  utmost  importance  in  the  8tudy 
of  lung  lesions.  Only  in  this  way  can  one  determine  the  depth  and  true 
size  of  isolated  foci  of  disease  or  cavities.  The  earliest  possible  signs  of 
pulmonary  tuberculosis  are  minute  areaa  of  infiltration  in  the  parenchjTna 
and  a  matting  or  clumping  of  the  very  small  branches  of  the  bronchial 
tubes  or  bronchioles,  Even  in  the  normal  chest  these  fine  tubes  can  be  traced 
to  the  very  periphery  of  the  lung  if  the  rontgenograms  are  of  excellent  quality. 
The  Btereoscope  enablea  one  to  see  whether  they  proceed  to  the  periphery 
discretely  or  nvhether  they  are  roatted  together  at  points.  The  two  plates 
must  be  expo8ed  and  interchanged  in  a  period  of  time  during  which  the  patient 
can  hold  a  full  inapiration  at  complete  rest.  The  tube  ahould  be  displaced 
parallel  to  the  longitudinal  axis  of  the  body.    The  patient  may  be  in  an  erect 


or  horizontal  position,  but  expo3ure8  should  be  made  from  both  front  and 
back.  The  erect  posture  has  the  advantage  in  that  a  lung  cavity  partly 
fiUed  with  pua  will  8how  an  uppcr  level, 

Pneumothorax  is  readily  distinguished  from  every  other  condition  by 
the  complete  absence  of  lung  shadow  within  the  arca  of  the  plate  covered  by 
the  sir-containing  space,  Occasionally  pneumothorax  and  picural  effusion 
cooxi3t.  In  Buch  cases  the  examination  must  be  made  with  the  patient 
eittii^  or  standing,  when  a  sharp  transverse  upper  level  of  dense  fiuid  8hadow 
will  be  seen  with  a  less  dense  pneumothorax  area  above  it.  On  fluoroscopic 
examination  waves  can  lie  Bet  up  and  seen  in  the  upper  level  of  the  fluid  by 
percusai^  the  chest  wall.  These  waves  cannot  be  produced  in  simple  pleural 
effiuion,  and  the  upper  level  of  fluid  is  obliquely  downward  and  in^ard. 
Pumlent  and  non-purulent  efFusions  cannot  be  differentiat«d  by  means  of 
X-my.    EncyBted  effusions  are  determined  by  theit  mot«  oi  V«w.  T^^aaAsA. 
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form  and  by  the  fact  that  gravity  does  not  determine  the  inferior  boundary. 
They  may  be  interiobar,  or  between  the  parietal  and  viaceral  pleura. 

Localized  or  general  thickenmg  of  the  pleura  is  detenuined  by  compara- 
tive  3tudy  of  the  unaffected  portions,  the  tbickened  areas  producing  shadons 
considerably  more  dense  than  normal  areas,  but  not  bo  dense  as  an  area  of 
pleural  effusion. 

Il6ntgen'ray  examinatioQ  of  the  entire  alimentary  tract  is  made  possible 
by  the  ingestion  or  injectlon  of  a  substance  opaque  to  the  ray8,  or  in  certain 
instances  the  introduction  of  ^r  which  pennlts  the  rays  to  pass  more  freely. 
Bismuth  oxychloride,  bismiith  subcarbonatc,  and  barium  suiphate  (speciall}' 
prepared)  are  the  opaque  substances  in  general  use.  Here  the  rontgeno* 
scopic  method  is  essential. 

Diseases  of  the  oesophagus  are  distinguisbed  by  their  effect  upon  its 
lumen  and  course.    A  diverticulum  will  retain  a  portion  of  the  bismuth  and 
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caat  a  3hadow  of  localized,  pocket-ahaped  eniargement.  Organic  narromng 
of  the  lumen  is  apt  to  be  irregular,  wherea8  spasmodic  stricture  is  U8Ually 
abrupt  and  smooth  in  outline.  The  former  is  conatant,  the  latter  intermittent, 
relieved  by  antispasmodtcs,  and  not  accompanied  with  marked  loss  in  weight. 
The  GBsophagus  is  beat  seen  whcn  the  ray3  pass  obliquely  through  the  chest. 
The  calibre  of  a  stricture  can  be  detennined  by  having  the  opaque  mixture 
of  such  viscidity  that  it  will  pasa  8lowly  imder  swallowing  presBure  from  above 
through  the  narrowed  portion. 

The  wide  variations  in  size,  shape,  position  and  relations  of  the  gaetro- 
intestinal  tract,  within  normal  limits,  make  the  Rontgen-ray  Btudy  of  these 
organs  a  task  of  large  proportions.  The  variations  in  diseased  conditions 
are  even  greater,  and  then,  too,  the  stomach  is  reflexly  influenced  by  disease 
in  adjacent  oi^ans.  Broa(lly  speaklng,  the  normal  stomach  is  one  which  li« 
with  its  upper  two-third8  in  the  upper  left  quadrant  of  the  abdomoi,  with 
the  ]ower  third  croaaing  the  mediao  tine  bo  that  the  pyloruB  is  from  f)n»-balf 


EXAMINATION  BY  MEANS  OF  RONTGEN  RAYS. 


to  two  incbes  to  the  right  of  the  median  line,  and  above  the  level  of  the 
umbilicus.  The  greater  curvature  is  the  lowermoBt  portioa,  extending  from 
the  level  of  the  umbilicus  to  two  inches  below  this  level.    It  filh  gradually 


from  above  downward  so  that  the  entire  leeeer  and  greater  curvatures  can  be 
seen  with  a  comparatively  small  quantity  of  opaque  meal  of  thick  fluid  con- 
Bistency,  and  enlajges  throughout  when  completeIy  filled,  the  posture  beii^ 


rfc. — Orfuilo  slrirtun  ol  <Hophi|iui. 
irnculirity  of  nulliDa  nt  i 


erect.  The  peristaltic  v&ves  begin  at  the  junctioti  of  the  upper  and  middle 
thirds,  8ha]]ow  at  firet,  but  become  deeper  as  they  approach  the  pylonis, 
where  they  end  in  the  closed  pylorus.  The  waves  recur  at  intervala  of  about 
twenty  seconds,  and  are  deeper  on  the  greater  curvature  thao.  oi^  l^tv  V«»i^ 
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curvature  imtil  they  approach  the  pylorus.  The  entire  opaque  meal  leavea 
the  stomach  in  from  four  to  six  hours. 

In  the  nthletic  type  of  person  with  tense  muscular  abdominal  waUs  the 
stomach  is  usually  liigh,  so  that  even  the  greater  curvature  is  from  one  to 
three  inches  above  the  level  of  the  umbilicus,  and  the  long  axi8  becomes 
more  oblique  with  relation  to  the  long  axia  of  the  vertebrse.  The  peristaltic 
waves  are  proportionately  more  vigorous  and  the  emptying  time  lees  thaD 
the  average  normal  stomach. 

The  opposite  of  this  type  of  normal  stomach  ia  that  in  the  individual 
whose  abdominal  wall3  are  weak  and  relaxed.  The  greater  curvature  reaches 
three  inches  below  the  level  of  the  umbilicus,  whUe  the  pylorus  ia  at  or  a 


little  above  the  level  of  the  urobilicus  and  more  nearly  in  the  median  line. 
The  peristaltic  wavcs  are  leascned  in  vigor  and  the  normal  emptying  time 
is  at>out  six  hours. 

When  the  greater  curvature  reaches  a  stili  lower  level  it  is  due  either  to 
■  dilatation  or  extreme  atony,  and  the  pylorus  remains  at  the  normal  level, 
or,  if  it  ia  to  be  considered  true  ptoais,  the  pylorus  is  at  a  lower  level  near  the 
median  line,  and  the  greater  curvature  may  extend  into  the  pelvis.  The 
ptotic  stomach  is  usually  more  or  lesa  dilated,  The  emptying  time  of  the 
dilated,  atonic,  or  ptotic  stomach  is  from  seven  hours  to  indefinite. 

Rontgen-ray  diagnosis  of  oi^ante  gastro-intestinal  lesions  should  be 
based  very  lai^ely  on  direct  evidence;  that  b,  the  defect  should  be  demon- 
strable  either  on  the  fluoroacopic  screen  or  on  sensitive  plates,  and  often  both 
are  essential.  Functional  disorders  and  those  due  to  faulty  poeition  or  mu9- 
culature  require  fluoroscopic  8tudy  combined  witb  palpation.  Much  of  th« 
evidence  is  direct,  but  indirect  evidence  is  aiso  of  great  importance  in  this 
class  of  Gonditious. 
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Ulcer  is  probably  the  most  common  of  the  organic  stomach  lesions. 
In  the  ear)y  or  acute  stages  when  only  the  mucosa  is  involved  the  X-ray 
findings  are  largeiy  inferential.  Deep  spasmodic  contractioD  is  seen  on  the 
greater  curvature,  making  a  sbarp  inciaure  in  the  shadow  of  the  opaque 
meal.  The  ulcer  is  usually  on  the  lesser  curvature  at  the  level  of  the  incisure. 
Inciaure  may  occur  as  a  reflex  phenomenon,  but  will  relas  after  the  adminis- 
tration  of  antiapasmodic  drugs.  In  ulcer  cases  the  incisure  may  remain  for 
hours  or  recur  intermittiently.  There  is  delay  in  emptying  the  stomach  due 
to  spasmodic  condition  of  the  pyloru3.  There  is  no  point  of  tendemess,  but 
<lcep  pressure  may  excite  a  violent  contraction,  and  the  incisure  will  appear 
in  spite  of  antispasmodics. 

When  an  ulcer  has  penetrated  the  mucous  and  muscular  coata  a  definite 
and  constant  deformity  occurs  in  the  8hadow  of  the  filled  stomach.  The 
deformity  has  the  appearance  of  being  a  small  diverticulum.    Spasmodic 
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contractions  may  occur  opposite  the  ulcer,  but  are  not  constantIy  associated. 
If  the  ulcer  has  healed  in  part  there  will  be  a  more  or  lesa  compicte  "hour- 
glass"  contraction.  The  pcritoneal  coat  may  becomc  perforated,  and  then 
small  particles  of  the  opaque  meal  can  bc  scen  isolated  from  the  etomach 
shadotv,  and  there  is  U8ually  almost  compicte  "hour-glass"  formation  due 
to  cicatricial  tissue  contraction.  There  is  usually  a  point  of  tendemess  in 
deep  ulcer.  WhcD  ulcers  occur  near  the  pylorus  it  require3  very  carefui 
observation  to  detect  them  in  the  carly  stages.  The  peristaltic  wavefl  on  the 
lesser  curvature  are  apt  not  to  reach  the  pyIoru8,  and  there  ia  retention.  I( 
the  ulcer  heals  part]y  and  contracts  so  as  to  produce  mechanical  obstruction, 
retention  becomea  moro  prominent  and  dilatation  of  the  stomach  follows. 
Vomiting  is  a  rarely-aasociated  symptom. 

Carcinoma  of  the  stomach  can  be  diagnosed  positively  on]y  wheD  of 
■ufficient  extent  to  produce  a  permanent  defect  in  the  outline  of  tbe  stamBcK 
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sbadoir.  Then  tbe  distinguishing  feature  is  the  iiT^uIar  punched-out  ap- 
pearance  of  the  defect.  PyIoric  spasm  is  not  presoit  and  the  stomach  empties 
more  rapidly  than  normal  if  the  pyloru8  is  not  obstructed.  Vomiting  and 
Ios8  of  appetite  and  weight  are  common  8ymptoms  when  the  lesion  is  at  the 
pyloru8,  uid  hiematemeBls  appears  when  the  mucosa  is  destroyed.  It  ia 
surprising,  however,  to  what  extent  the  stomach  may  be  involved  before 
8ymptom3  appear  when  the  pyioru8  is  not  involved. 

In  any  lesion  of  the  stomach  involving  the  peritoneal  Iayer  adbesions 
form  and  the  stomach  cannot  be  displaced  at  such  points  by  palpation. 

Reversed  peristalsia  is  occaBionally  seen,  and  so  far  as  we  know  is  aiways 
associated  witb  some  orgaiuc  lesion  of  the  stomach. 


Pyloric  spasm  and  consequent  retention  occura  reflexly  from  disease  in 
other  organs,  such  as  the  gall-bladder,  lddneys,  or  appendix.  In  such  cases 
further  X-ray  8tudy  ia  nece38ary,  particularly  during  deep  palpation. 

In  duodenal  ulcer  the  most  accepted  signs  are:  irregularity  in  outline 
of  first  portion  (where  the  vast  maiority  occur);  marked  gastric  hyperperi- 
atalsis;  rapidemptyingof  the  stomach  duringthe  first  hour  in  noa-otratructive 
cases ;  retention  of  bismuth  in  the  stomach  after  six  hours  in  obstructive  cases; 
fbcation  of  duodenum  in  late  cases  or  in  gall-bladder  disease  with  adhesions 
to  the  duodenum ;  and  occaaionaUy  sensitive  pressure  point  over  the  duodenum. 

In  the  intestines  obstructive  lesions  are  determined  by  the  presence  of 
dilatation  of  the  proximal  portion  and  delay  in  passage  of  the  bismuth. 
The  colon  is  to  be  studied  by  its  action  on  the  ingested  meal  as  well  as  by 
injection.  AH  of  the  usual  chemical  testa  for  acidity,  blood,  etc,  should  be 
made  prior  to  the  Rontgen-ray  examination,  as  thev  sometimes  influence  the 
interpretation  of  certain  Endings.  A  complete  clinical  hi8tory  ia  also  an 
essential  adjunct. 

In  diseasea  of  the  gastro-intestinal  tract  that  are  not  locally  destrudive 
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or  due  to  new  growth  the  Rontge3i-ray  exainmatioii  is  of  value  in  confirming 
the  facte  of  reiation  to  other  viscera,  and  not  infrequently  8howing  lesions 
elsewhere  which  produce  3ymptonis  referable  to  the  stomach.    Kidney  stone 
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is  often  responsible  for  gastric  syiDptoDiB  which  mask  or  exGeed  the  renal 
8yinptoins. 

Enlargemoit  of  the  liver  can  be  8hown,  gall-etones  are  demonstrable 


in  about  fifty  per  cent.  of  the  cases,  and  in  slendcr  patiente  the  gall-bladder 
distended  bo  that  it  projecta  bclow  the  liver  can  occasionally  be  shovra.  The 
Bize  of  the  spleen  can  be  determined,  especially  if  the  stomach  and  colon-be 
distended  with  air  or  gos. 
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The  urinary  organs  are  studied  by  mcans  of  the  rontgenographic  method 
only.  The  rontgenogram  should  show  enough  of  the  outline  of  both  kidneys 
to  establish  approximately  the  size  and  position  m  patients  of  one  hundred 
and  sixty-five  pounds  or  less.  This  is  due  to  the  fact  that  the  cortical  portion 
of  the  kidney  is  more  dense  than  surrounding  structures,  especiaily  in  the 
region  of  the  lower  poies.  The  pelves  of  the  kidneys,  the  ureters,  and  the 
bladder  do  not  čast  distinguishable  8hadows.  However,  the  outline  of  the 
entire  urinary  tract  may  be  shown  on  tha  rontgenogram  after  the  injection 
of  a  solution  of  colloidal  silver,  whieh  is  moirj  opaquc  to  the  rays  than  the 
tissues.  By  this  procedure  one  can  diflferentiate  between  normal  pehis, 
hydronephrosis,  tumors  of  the  kidney,  and  abscess  of  the  kidney  if  it  drains 
into  the  pelvis.  The  shape  of  the  kichiey  pelvis  as  shown  on  the  plate  is  char- 
acteristic  in  each.  Dilatations  and  kinks  in  the  ureter  can  often  be  shown 
in  the  same  manner.  Such  examination  requires  the  assistance  of  an  expert 
in  ureteral  catheterization.  Renal,  ureteral,  and  vesical  calculi  are  readily 
demonstrable  except  those  composed  purely  of  uric  acid.  This  variety  is 
occasionally  found  in  the  bladder. 

Diseases  of  the  bones  and  joints  which  cause  absorption,  destniction, 
or  proliferation  of  lime  salts  or  cartilage  lend  themselves  most  aptly  to  ront- 
genographic study.  In  children  the  development  of  the  skeletal  structures 
is  readily  portrayed.  The  extent  of  the  disease  as  well  as  its  nature  is  usuaUy 
shown,  hence  a  prognosis  as  well  as  diagnosis  may  be  more  accurately  made. 

The  value  of  the  Rontgen-ray  method  of  examination  in  excluding  sus- 
pected  conditions  is  scarcely  less  than  in  determining  existing  conditions. 

The  knowledge  of  the  expert  is  as  necessary  to  the  explanation  of  skia- 
grams  as  to  the  making  of  them  and  it  is  always  to  be  borne  in  mind  that 
X-ray  pictures  are  to  be  interpreted  as  shadows  and  not  as  lesions. 


PART  III. 

OF  SVMPTOMS  AND  SIGNS. 


I. 
GENERAL  CONSIDERATIONS. 

Syfnptom8  and  Sispns. — The  ciiiiical  phenomena  of  disease  are  divided 
into  two  general  groups:  (a)  subjective,  those  obtained  by  inquiry,  and 
(b)  objective,  those  learned  by  observation.  The  former  are  known  as 
STMPTOMS,  the  latter  as  signs.  These  may  be  general,  as  fever,  debility, 
or  emaciation,  or  local,  as  pain,  dyspnoea,  or  dulness  upon  percussion. 
The  dividing  line  between  symptonis  and  signs  is  not  well  defined.  Pain 
and  nausea  are  symptoms  of  which  nothing  can  be  learned  by  observa- 
tion alone;  an  endocardial  murmur  or  pleural  friction  rub,  signs  concern- 
ing  which  the  patient  can  give  no  personal  account;  while  retching,  cough, 
and  palpitation  partake  at  once  of  the  nature  of  both  signs  and  symptonis 
and  may  be  referred  to  the  one  or  other  group  of  clinical  phenomena  accord- 
ing  to  the  point  of  view  from  which  they  are  regarded.  Symptomatology 
is  that  department  of  medical  science  which  has  for  its  object  the  eonsider- 
ation  of  the  symptonis  of  disease;  semeiologv  (<nj/i£rov,  a  sign),  that 
which  has  for  its  object  the  consideration  of  the  signs  of  disease.  Just  as 
8ymptoms  and  signs  are  not  always  to  be  closely  distinguished,  so  the 
scope  and  subject  matter  of  these  sub-sciences  of  medicine  largely  overlap, 
and  symptomatology  and  semeiology  are  frequently  used  interchangeably. 
Pure  symptoms  are  limited  in  number  as  compared  with  signs,  and,  since 
they  are  wholly  subjective  and  our  knowledge  of  them  is  based  upon  the 
statements  of  the  patient,  who  may,  according  to  his  temperament  or  for 
purposes  of  his  own,  either  unintentionally  or  wilfully  misrepresent  them, 
they  are  of  far  less  value  in  diagnosis  than  signs.  Symptoms,  which  have 
their  origin  in  the  deranged  sensations  of  the  patient,  stand  in  contrast  to 
signs,  which  are  dependent  upon  changes  in  organs  or  tissues.  For  this 
reason  qualifying  adjectives  are  sometimes  employed,  and  we  speak  of 
rational  symptoms  and  physical  signs.  It  is  customary,  however,  to 
apply  the  word  symptom  to  many  of  the  objective  phenomena  of  disease. 

SvNDROME  is  a  term  used  to  designate  a  set  of  concomitant  symptoms, 
especially  the  concurrence  of  a  group  of  symptoms  not  indicating  a  disease 
with  well-determined  anatomical  lesions,  as  for  example  fever,  seasickness, 
and  astasia-abasia;   a  symptom-complex;   a  symptom-group. 

Diseases  upon  one  basis  of  classification  are  divided  into  constitutional 
or  general,  namely,  those  in  which  the  organism  as  a  whoIe  reacts  to  the 
pathogenic  influence;  and  local  or  organic,  in  which  the  lesions  involve 
primarily  or  chiefly  a  viscus  or  an  anatomical  tract.     General  «^\sv\»^ts^ 
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are  often  the  expre8sion  of  a  local  disease  and  local  symptoins  the  erpressioii 
of  a  general  disease;  thus  emaciation,  pallor,  and  a  profound  cachexia 
attend  the  progress  of  carcinoma  of  the  stomach,  while  tenderness  in  the 
right  iiiac  fossa,  diarrhoea,  and  tympany  are  symptoms  of  enteric  fever. 


II. 

APPEARANCE;   TEMPERAMENT  AND  DIATHESIS;   FACIES; 

FORM   AND    NUTRITION. 

APPEARANCE. 

The  general  appearance  of  the  patient  when  first  seen  forms  the  ground- 
work  for  the  study  of  his  present  condition — the  status  proBsens.  Whatever 
knowledge  may  be  subsequently  obtained  of  the  facts  in  the  čase,  the 
general  appearance  constitutes  the  point  of  departure  for  the  direct  diag- 
nosis.  In  the  successful  clinician  the  habit  of  observing  and  noting  its 
various  details  with  great  rapidity  is  cultivated  in  a  high  degree.  The 
facial  expression,  state  of  nutrition,  movements  and  attitude,  mode  of 
speech,  and  mental  condition  are  at  once  observed.  An  opinion  is  formed 
as  to  what  manner  of  man  the  patient  is.  Information  as  to  his  social 
position,  occupation^  and  habits  may  be  learned  from  his  dress:  Is  he  neat 
or  slovenly?  Are  his  clothes  buttoned  awry?  Is  his  collar  loose  to  make 
room  for  swoIIen  glands  or  a  goitre?  Do  his  trousers  show  the  white  stainf 
of  diabetic  urine?  Has  he  the  tabetic  or  steppage  gait  or  the  festination 
of  paralysis  agitans?  Has  he  the  flushed  face  with  dilated  venules  and  the 
trembling  tongue  of  the  alcoholic,  or  the  eniarged  girth  and  the  waistband 
lengthened  with  a  loop  of  string,  of  hepatic  cirrhosis  with  ascites?  The 
hands  teli  a  story  of  their  own.  We  note  at  a  glance  that  they  are  whitc 
and  soft  and  the  finger-nails  are  clean,  as  occm*s  mostly,  but  not  aiways, 
with  men  of  leisure  and  professional  men;  that  they  are  large  and  cailous, 
as  in  those  who  foIlow  the  sea;  coarse,  sunburnt,  and  freckied,  as  in  the 
farmer;  or  that  they  bear  the  oil  and  grime  of  the  mechanic  who  has  hurried 
from  his  work.  The  trembling  hand  of  alcoholism,  the  pill-rolling  move- 
ments of  paralysis  agitans,  the  nodules  and  tophi  of  gout,  the  deformities 
and  relaxed  ligaments  of  arthritis  deformans,  and  the  spade-Iike  hands  of 
myxoDdema  teli  their  own  tale. 

The  diagnosis  may  sometimes  be  made  at  a  glance.  The  flushed  face, 
hiuried  breathing,  unilateral  movement  of  the  chest,  and  rusty  sputum  of 
pneumonia  scarcely  demand  the  additional  data  of  chill,  crepitant  rAle, 
and  percussion  dulness;  nor  the  intense  headache,  opisthotonos,  vomiting, 
herpes,  and  petechiaj  the  history  of  sudden  onset  or  the  epidemic  prevalence 
of  cerebrospinal  fever;  while  the  paroxysm  of  whooping-cough  is  in  itself 
diagnostic.  The  diagnosis  thus  made  cannot,  however,  be  called  intuitive. 
In  truth  there  is  no  such  thing  as  an  intuitive  diagnosis.  Before  a  oondu- 
sion  is  reached,  however  brief  the  time,  the  clinician,  usuaUy  without  bdnf 
aware  of  his  mental  processes,  has  been  weighing  and  sifting  the  vjitaAonm 
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and  assigning  to  each  its  proper  value  and  importance.  Such  a  diagnosis 
must  in  ali  cases  be  personaIly  regarded  as  provisional  and  not  announced, 
however  tempting  the  circumstanceS;  until  sufficient  facts  for  its  fuU  sup- 
port  have  been  obtained.  There  are  pitfalls  in  the  way  of  him  who  makes 
what  in  the  language  of  the  ward  classes  is  called  a  "snap  diagnosis." 
It  is  never  complete;  the  pneumonia  niay  be  complicated  with  pericarditis. 
Such  a  diagnosis  is  sometimes  altogethcr  false;  there  are  cases  of  enteric 
fever  in  neurotic  individuals  in  early  life  that  closely  simulate  the  symp- 
tom-complex  of  meningitis — the  so-called  cerebrospinal  form  of  enteric 
fever — ^and  a  child  long  convalescent  from  whooping-cough  may  under 
emotional  excitement  or  when  suffering  from  an  attack  of  subacute 
laryngitis  have  paroxysms  of  cough  with  whooping. 

TEMPERAMENT  AND  DIATHESIS. 

Under  the  teaching  of  the  French  school  great  importance  was  at  one 
ti  me  attached  to  temperament  or  diathesis  as  a  condition  of  the  hereditary 
constitution  manifested  in  the  general  appearance  of  the  patient.  Less 
attention  is  paid  to  this  subject  now  than  formerly,  but  no  very  close 
observation  is  required  to  establish  the  ^act  that  many  individuals  have  in 
common  peculiarities  of  physical  and  mental  organization  very  different 
from  those  of  others  and  that  corresponding  differences  in  general  health 
and  tendency  to  disease  occur.  Disregarding  misleading  refinements  and 
combinations  the  following  principal  forms  may  be  described: 

The  sanguine,  sometimes  called  the  Arthritic  or  Gouty  Tempera- 
ment.— ^The  characteristics  of  this  condition  are  well-developed  bones  and 
muscles,  a  fine  skin,  good  hair,  fair  complexion,  good  nutrition,  a  general 
appearance  of  health  and  energy.  The  physiological  processes  are  active, 
the  digestion  excellent,  the  bowels  regular,  the  respiratory  excursus  large, 
the  action  of  the  heart  regular,  the  pulse  full  and  strong.  In  disposition 
persons  of  this  temperament  are  cheerful  and  hopeful,  hence  the  adjective 
"sanguine"  often  applied  to  them.  Mentally  they  are  active  but  of  delib- 
erate  judgment  and  they  do  a  large  part  of  the  world's  work.  They  are 
especially  liable  to  bronchitis  and  other  catarrhal  affections  and  to  arterio- 
sclerosis,  and  in  advancing  life  prone  to  sclerotic  changes  in  the  valves  ol 
the  heart,  aneurism,  angina  pectoris,  or  apoplexy. 

The  nervous  diathesis  shows  itself  commonly  in  slender  or  under- 
sized  individuals  who  are  often  poor  and  irregular  eaters,  not  well  nourish^d. 
Such  persons  are  alert  and  active  but  often  incapable  of  sustained  effort. 
The  physiological  processes  are  not  always  well  performed.  They  often 
possess  high  intellectual  ability  and  are  subject  to  intense  emotions.  They 
are  predisposed  to  derangements  of  the  digestive  apparatus  and  to  head- 
ache  from  slight  causes.  They  take  things  to  heart,  as  the  phrase  goes, 
and  are  liable  to  break  down  under  stress  of  work  and  worry.  Neuras- 
thenia,  hysteria,  migraine,  and  other  functional  diseases  of  the  nervous 
8ystem  and  insanity  are  common. 

The  Bilious  Diathesis. — The  complexion  is  dark,  the  hair  dark 
brown  or  black,  often  coarse  and  oily,  the  skin  shows  a  tendency  to  local 
pigmentation  which  varies  in  intensity;  e8pecially  about  the  eyes  and  brow. 
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The  appetite  is  irregular,  often  poor,  fats  and  sugars  are  digested  witb 
diflBculty,  and  the  bowels  are  sluggish.  The  nutrition  is  not  good,  though 
women  of  this  temperament  often  grow  stout  in  middle  life.  They  are 
subject  to  attaeks  of  that  form  of  gastrohepatic  catarrh  popiilarly 
described  as  biliousness  and  are  often  at  such  times  faintly  jaundiccd. 
Nausea  and  headache  are  common.     Such  persons  often  lack  energy. 

The  Lymphatic  Diathesis. — The  museles  are  soft  and  flabby,  there 
is  very  often  a  slight  exeess  of  subeutaneous  fat.  The  skin  is  pallid,  the 
physiological  processes  are  sluggishly  performed.  Mentally  such  persons  are 
dull  and  unresponsive.  They  are  subject  to  eniargements  of  the  subeuta- 
neous Iymph-nodes  and  are  liable  to  chlorosis  and  other  forms  of  ansemia. 

The  Strumous  Diathesis. — The  word  struma,  meaning  scrofula  or 
glandular  tuberculosis,  though  stili  applied  in  another  sense  to  goitrous 
swellings,  has  lost  its  significance  in  medicine  and  has  almost  disappeared 
from  the  modern  literature.  The  term  strumous  diathesis  has,  however, 
a  very  definite  significance  and  is  applied  to  a  bodily  constitution  unfor- 
tunately  too  common.  The  bony  framework  departs  widely  from  the 
normal  type.  The  chest  is  small  and  flat,  the  shafts  of  the  long  bones 
slender,  their  epiphyses  enlarged  and  thickened.  The  musculature  is 
undeveloped  and  soft.  The  appearance  is  characteristic,  the  head  is  large, 
the  cranial  bosses  prominent,  the  forehead  broad  and  protuberant,  the 
lips  full,  the  noše  short  and  broad,  its  alae  thickened,  the  lower  jaw  smail, 
the  teeth  carious,  the  complexion  commonly  fair,  the  hair  fine  and  the  eye- 
lashes  long.  The  nutrition  is  poor  and  the  general  appearance  of  such 
individuals  delicate  and  frail.  The  cervical  lymphatics  are  often  enlarged. 
Such  persons  are  subject  to  tuberculosis  of  the  glands,  bones,  and  lungs 
and  miliary  tuberculosis,  and  U8ually  die  at  an  early  age.  They  are  fre- 
quently  the  offspring  of  tuberculous  pare  nt  s.  Whether  the  constitutional 
peculiarities  which  go  to  make  up  the  so-called  strumous  diathesis  are  to 
be  ascribed  to  profound  derangements  of  nutrition,  transmitted  from 
tuberculous  parents,  or  to  a  latent  tuberculosis  acquired  in  the  earliest 
period  of  life  cannot  always  be  determined. 

Cachexia  is  a  term  used  to  describe  the  ravages  of  certain  chronic 
wasting  diseases,  especially  untreated  malaria,  the  graver  forms  of  syphilis, 
and  carcinoma,  particularly  when  it  involves  the  digestive  organs.  The 
cachexiaB  present  a  combination  of  profound  anaemia,  extreme  emaciation 
and  debility,  and  a  diffuse,  faint,  muddy  pigmentation  of  the  skin. 

Dyscrasia  is  a  depraved  state  of  the  system,  especially  of  the  blood, 
due  to  constitutional  disease.  In  the  words  of  Bristowe  it  is  a  general 
deterioration  of  health  and  functional  disturbance  caused  by  the  deflec- 
tion  of  nutrition.  We  speak  of  a  tuberculous,  malarial,  syphilitic,  or 
cancerous  dyscrasia. 

FACIES. 

The  appearance  of  the  face  is  often  of  diagnostic  importance.  It 
frequently  indicates  the  subjective  sensations  and  not  rarely  the  p6ychical 
condition.  To  say  that  a  patienfs  expre8sion  is  that  of  suffering,  acute 
pain,  anxiety,  overwhelming  illness,  or  that  it  is  excited,  dull  or^stupid,  is 
intelligible  without  fiurther  comment.    The  face  is  an  index  of  the  phymo- 
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lo^c&l  age  of  the  patient.  The  gray  hair,  vvTinkled  brow,  arcus  senilis,  and 
han^ng  folds  of  skin  about  the  neck  are  very  suggestive.  They  enable  the 
climcian  to  compare  the  apparent  age  of  the  patient  nith  his  actual  age  as 
measured  by  year8,  The  facies  of  fever  patients  is  often  characteristic. 
In  the  stage  of  exciteinent  there  is  an  intensification,  in  that  of  depression 
a  blurring  of  expression,  accompanied  by  a  peculiar  moist  appearance  of 
the  eye,  a  feverish  flush  and  often  a  very  slight  turgeacence  of  the  skin 
of  which  I  shsll  speak  more  fully  in  a  lafer  paragraph.  Equally  character- 
istic is  the  faciea  of  dyspncEa.  Here  aiso  puffing  or  turgeacence  ia  present, 
sometimes  markcd,  and  there  is  cyanosis,  and  with  these  8ymptom3  dilated 
nostrila,  an  open  mouth,  and  hurried  breathing.  The  flushed  face  and 
bright  eyes  that  follow  too  much  wine,  and  the  bloated  counfenance  with 
its  blurred  lines,  dilated  venules,  thickened  noše,  acne,  and  trembling  tongue 
of  some  forma  of  chronic  alcoholiam  are  sadly  familiar.  The  characteristic 
change  of  the  countenance  seen  in  those  about  to  die,  especially  in  patients 
Bufferingfromiieus,  peritonitis, 
cholera,  and  similar  diseases,  ia 
deacribed  as  the  facieb  Hip- 
pocRATiCA.  The  changea  are 
Iargely  due  to  a  diminution  in 
the  contents  of  the  blood-  and 
Iymph-ve8seia  and  muacular  re- 
laxation.  The  ekin  falla  back 
upon  the  bonea,  the  Hnea  of 
expre8Bion  are  more  sharply  de- 
fined  than  normaily,  the  noše 
is  sharp  and  pinched,  the  eyes 

Bunken,   the    temples    hollow,  fio.  102.— cewhro»pin.i  tEv^r.  tnum.  dnj-  of  »n^k. 

With  the  pallor  there  is  somede-    i^H^pit;!.'?"^  °'  ^'^''- "'""'""  "'  '»•^-M^nio- 
gree  of  cyanosis  which  gives  the 
akin  a  leaden  or  faintly  livid  hue.  The  surface  is  cool  and  bathed  with  sweat. 

The  appearance  of  the  face  in  the  following  conditions  ia  suggeative 
if  not  alwayB  characteristic: 

Enterlč  Fever. — In  welI-developed  cases  the  face  is  dull,  expression- 
less,  pallid,  with  a  faint,  du8ky  flush  over  the  cheek  bones,  often  3lightly 
drawn.  The  eyelids  are  half  closed,  the  lips  pallid  and  separated,  in  neg- 
lected  cases  sordes  niay  be  seen  upon  the  teeth.  Such  alao  is  the  facies  of 
patients  profoundly  septic.  It  occurs  in  the  so-called  "typhoid  state" 
and  is  seen  in  puerperal  septicemia,  malignant  endocarditis,  infection  after 
surgical  operations,  and  the  like. 

Acute  Peritonitis. — The  expression  is  one  of  intense  suffering, 
the  face  is  pale  and  drawn,  sometimes  the  upper  lip  is  contracted  so  as  to 
8how  the  teeth. 

Pneumonla. — A  circumscribed  flush  of  one  or  both  cheeks  may  be 
»een;  it  may  be  bright  or  dusky.  When  one  eheek  only  is  flushed  it  lb  uau- 
ally  that  upon  the  side  of  the  pulmonary  leaion.  With  thia  appearance  in 
grave  cases  are  associated  the  facial  changes  peculiar  to  dyspn<Ba.  A 
ainular  appearance  accompanies  the  8ymptomatic  fever  of  phthisis — hecttc 
fever.    The  flushing  is,  however,  brighter  and  not  so  diatmctVv  <:^<^'<^'ro9KT&ft&.. 
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It  is  in  strong  contraat  with  fhe  pallor  of  the  brow  and  neck.     The  atrik- 

ing  appearance  of  such  patiente  is  intensified  by  expanding  nostrils,  hurried 

r  ^     breathing,  bright  moist  eyes,  and  aa 

intense,  often  eager,  espression. 

Tetanus. — The  facial  peculiarity 
is  startling.  Under  the  action  of  the 
tuxin  of  the  disease  aH  the  muscies 
of  expres3ion  are  thrown  into  tonic 
apasm  more  or  less  intense  at  the 
same  time,  vhereas  under  ordinary 
circumstanceB  the  varying  moods 
are  expressed  by  the  contraction 
now  of  one  eet  of  muscies,  now  ol 
another.  The  lips  are  parted  and 
the  corners  of  the  mouth  drawn  up 
aa  in  laughter  or  grinning,  while  othtt 
parts  of  the  face  and  especiallv  the 
brow  are  contracted  and  thrown 
into  folds  as  though  in  grief  or 
anger  —  Risus  sardonicus  of  the 
older  writers. 

Tbe  Exanthemata- — Theappear- 
ance  of  the  face  in  tlie  eruptive  infec- 
tious  diseases  is  usually  diagnostic. 
The  difTuse  uniform  rash,  often  in 
Btrong  contrast  with  the  white  border 

around  the  mouth,  an<i  the  Elightly  tumid  skin  of  scarlet  fcver,  the  turgid 

skin,  coarse  nieasly  rash  with  its  crescentiforni  arrangement  and  coryza  in 

nieasles,  the  pock  in  different  stages 

of  developnient  with  its  umbilicated 

vesiclcs    or    hideous    pustules    and 

crusts  and  swollen  and  diafigured  fea- 

turcs  in  the  variolous  diseases,  and 

the   pellucid    hemispherical   vesides 

or  crusts  nithout  areolse,  scattered 

Eingly  or  in  groups  about  the  brow  or 

mouth  in  varicella,  are  characteriatic. 
Mumps. — The  dcformity,  alike 

when  it  involves  one  or  both  sides, 

is  cliaracteristie.    The  sweHing  is  at 

first  limited    to   the  region  of   the 

parotid  gland,  behind  the  jaw  and 

bclow  the  car,  but  the  surrounding 

oedenia  somotimea  assumes  reniark- 

abie    proporlions.      The    lobule    of 

the  car  stands  out  at  right  angles     Fm.  iii4.-(i:.irm«  in  amii-  m'phriti*.— jefr«r«» 

to   the   side   of   the   head.      When  "''""" 

the  awelling  advances  upon  the  cheeks,  the  corners  of  the  mouth   are 
idightljr  dravn  up.    The  parotid  bubo  whichoccurB  in  some  caaes  ofenterie 
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fever,    pneumonia,   septicsemia,   and    other    grave    infections    superadds 

to  tlie  facies  of   tbose  conditions  a  deformity   Bomewhat   like    that  of 

mumps.     The  overlyiiig  skin  is  ususlly  of  a  dusky  red  color. 
Renal  DIsease.  —  The    striking 

appearance  of  the  patient  in  some 

forma  of  acute  nephritis  and   very 

cominonly  in  chronic  parenchynia- 

tous  nephritis  is  of  diagnostic  impor- 

tance.    It  is  characterized  by  intense 

waxy  pallor,  marked  cedema  of  the 

cyelids,  and  general  puffiness  of  the 

face  by  which  the  lines  of  expression 

are  to  some  extent  impaired, 

Hepatlc   Disease.  —  In   chronic 

diseases  of  the  liver  and  e8pecially 

in  cirrhoais  and  gall-stone  disease  the 

faciea  is  peculiar.     The  features  are 

as  a  nile  sharp,  the  face  thin,  con- 

junctivie    muddy,    venules    dilated, 

lips  red,  and  skin  slightly  jaundiced 

or  subicteroid — facies  hepatica  of 

the  older  writers. 

Malaria.— The    pallor,   sailow- 

ness,  and  muddy  conjunctlvs  whiGh 

are  so  commonly  seen  in  intensely  malarious   districta   are  not  without 

considerable    value   in   the    diagnosis   of    the    cachexia    of    this   disease. 
Syphllls. — The  face  may  8how  characteristic  eruptions  at   different 

stages  of  the  disease.  The  coppery  flat  papule  or  papulo5quainou8  Byphilide 
upon  the  temples  and  forehead — 
coRONA  vENEHis — IS  common.  The 
face  of  the  patient  under  treatment 
may  show  not  the  eruption  of  the 
disease  but  the  drug  exanthem 
produced  by  the  iodides.  Babies 
suiTering  from  inherited  syphilis  are 
U8ually  pale,  weazened,  and  wrin- 
kled.  They  look  curioualy  like 
miniature  old  men.  They  have 
snuifles  and  superiiciul  excoriations 
about  the  angles  of  the  noše  and 
cornera  of  the  mouth. 

Rlckets. — The  frontal  and  pari- 
etal  eminences  are  exaggerated 
and  the  top  of  the  skull  fiattened, 
so  that  the  head  assumes  an  appear- 
ance of  6quarene6s  and  is  some- 
times  spoken  of  as  box-shaped. 
Hydroc«phalus.— The  head  is  characterized  by  ita  spherical  shape, 

grett  mze,  and  protruding  eyeballs,  the  result  oi  d^v^^BE^o^  o\  v}nfe  utN^-^ 
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plate  of  the  frontal  bone.     The  exophthalmu3  is  sometimes  so  marked 

that  the  eyelids  cannot  be  closed.  The  size  of  the  head  is  often  enormous. 
its  diameter  inay  reach  20  to  25  cm. 
in  a  child  a  few  years  old.  The  face 
on  the  contrary  appears  very  small. 
its  expression  vacant  and  fatuous. 
The  cranial  bones  are  scparated 
and  excee(lingly  thin.  The  hair  is 
scanty  and  the  veins  inay  be  seen 
beneath  the  skin. 

Hjfpertrophjr  of  the  Tonsils 
and  of  the  Adenoid  Tissue  of  tfae 
Pbarnyx. — As  a  result  of  habituu) 
niouth-breathing  the  expression  of 
the  countenance  gradually  under- 
goes  characteristic  changes.  the  face 
becomes  apathetic  and  vacant,  the 
nostrila  are  narrow,  the  lipa  thick, 
and  there  ia  projection  of  the  upper 
jaw  and  lip. 
*io.  111,.— i*p™.j.  Myxoedema. — The  fare  ia 

"  moon-shaped,"  s\vollen     and    flattened,    the    noše    broad,    the    mouth 

coiirse  and  large,  the  lincs  of  expressioQ  obliterated.     The  skin  ia  yellow, 

wjixy,  dry,  and  scaly,  the  hair  thin  and  scanty,  the  cheeks  and  noše  flushed. 
Cretlnism. — The  face  is  large, 

the  lii)s  tliick,  the  tongue  large  and 

protruded,  the  mouth  open  and  drool- 

ing,  the  nosc  flattened,  the  ekin  paliid 

and  waxy,  the  expression  idiotic, 
Acrontegaly. — The  bony  hvper- 

tropliy   is  especiallv   manifestcd  in 

tlie  supra-orbital  arches,  the  nialar 

bones,  and  in  the  projecling  lower 

jaw.     The  forehead  is  receding.  the 

no«c  is  increased  in  size,  its  alae  dis- 

(onded,    the   eyelids   eniarged    and 

thickened.    The  cartilages  of  the  ear 

are  also  entargcd  so  that  very  often 

the   ears   stand   out    conspifuouHly 

from  the   head. 

Exophthalnilc  Goitre.  — The 

protrusion   of    the   eyeball8,   some- 
times so  marked   that   the  patient 

can  no  longer  close  his  eyes.   pro- 

duces  a  remarkable  change  in  the 

expression.     In    its    lighter   gradea 

the  air  is  that  of  surprise,  but  when  the  exophthaImus  is  marked  the 

patient  has  a  frightened  or  aatonished  look  which  ia  intensified  by  the 

chancteriatic  tremor.    The  eniargement  of  the  thyroid  body  ta  well 
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as  the   visible    pulsation    and    venous    distention    add    to    the    peculiar 
expresaioD  of  the  couDteoance  in  this  disease. 

Leprosy. — The  development  of  leprous  nodules  upon  the  face  and 
the  thickening  of  the  skin  give  rise  to  remarkable  deforraitiea.  The  chin, 
lips,  noše,  eyelid3,  and  ears  undergo 
peculiar  and  characteristic  changes, 
in  con8equence  of  which  the  tace 
assumes  the  appearance  of  a  hideous 
eKpressionless  mask.  Baldness,  lo3s 
of  the  eyebrows,  lashes,  and  beard, 
and  ulceration  also  occur.  The  dis- 
figuremcnt  suggesta  the  conventional 
face  of  the  satyr  or  the  lion  and  is 
often   spoken  of  as  Iconine — faciks 

LEONISA. 

Nervous  and  Mental  Disease.^ 

In  funetional  nervous  diseases  there 
are  frequently  changea  in  the  coun- 
tenance  more  easily  recognized  than 
describcd.  The  pallid,  shghtly  drawn 
face  of  the  neurasthenic  with  its  habitual  air  of  depression  is  familiar 
to  the  practitioner.  These  trails,  somenhat  intensjfied,  are  common  in 
women  broken  down  by  frequent  child-bearing  and  in  those  who  suffer 
from  disease  of  the  pelvic  organs — facies  uterina.  In  hysteria  the  face 
usual]y  remains  free  from  the  motor 
disturbances  so  common  elsewhere,  par- 
tii!ularly  in  the  lower  extremitics.  There 
is  neither  spasm.  para]ysis,  nor  other  con- 
stant  characteristic  Save  that  it  reflects, 
often  intcnselv,  the  varving  uncontroUed 
cmntions  of  the  patient.  Efjually  without 
cnuse  laughtcr  surceeds  tears  or  vivac'ity 
h  followod  by  an  air  of  sulien  and  dogged 
indiffororice.  Central  or  peripheral  dis- 
ease of  the  nervous  system  may  manifest 
itsclf  in  spasmodic  t^vitchingof  the  fai'ia! 
niuscloa.  Mimetic  spaam  or  convulaive 
tic  consiats  of  clonic  cuntractions  of  the 
niuscies  supplicd  by  tlie  farial  nerve, 
Thcy  are  usuallv  liinited  to  the  region 
alKiut  the  eve  or  above  the  corner  of  the 
month.  Sometimes  lhcy  involve  the 
greater  part  of  one  or  both  sidos  of  the 
face.  Similar  contructions  of  the  mus- 
cles  of  expresaion  occur  in  children  and 
are  known  as  habit  apasni.  In  peripheral  facial  palsy  the  affecfed  side  is 
inx>oth  and  motionlcas,  the  wrinkle8  of  the  forehead  and  the  lubionasal 
fold  dissppear,  the  corner  of  the  mouth  is  lowered  and  fraquently  drools, 
ftnd  the  mouth  itself  is  Blightly  drawn  towaid  th«  bomu^  ^^«.  'VV«  «,'^^^ 
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are  motionless  and  can  only  be  partly  closed.  The  tears  fall  over  the 
cheeks.  The  contrast  with  the  opposite  side  is  intensified  upon  eflfort«  to 
sinile  or  close  the  eye.  When  the  paralysis  is  due  to  central  causes  the 
lower  segment  of  the  face  is  chiefly  involved.  In  old  caseS;  after  contract- 
ure  has  taken  plače  the  mouth  is  drawn  toward  the  affected  side. 

In  organic  disease  tremor  and  paralysis  are  significant.  Tremor  of 
the  lips  and  tongue  occurs  in  chronic  alcoholism.  Fibrillary  tremor  is  fre- 
quently  associated  with  progressive  palsy.  In  bulbar  paralysis  the  lips 
are  thin,  compressed,  and  tremulous,  the  tongue  is  wasted  and  protruded 
with  difficulty,  and  there  is  dribbling  of  šaliva.  In  paralysis  agitans  the 
appearance  of  the  countenance  is  very  strikingly  changed.  The  face  has 
a  curious  stiff,  expressionless  immobility  which  has  given  rise  to  the  name 
Parkinson's  mask.  There  is  often  druling  from  the  partially  closed  mouth 
and  the  lips  and  tongue  frequently  share  in  the  general  tremor.  In  general 
paresis  local  twitchings  of  the  face,  irregularity  of  the  pupils,  and  slight 
tremulousness  of  the  lips  are  suggestive.  The  rare  disease  facial  hemi- 
atrophy  is  a  trophic  neurosis  affecting  one  side  of  the  face,  commonly  the 
left.  The  soft  tissues  and  bones  are  alike  involved  in  the  atrophic  process. 
which  is  sharply  limited  at  the  mesial  line.  The  eye  is  sunken  and  the 
corresponding  half  of  the  tongue  and  soft  palate  may  be  implicated. 

The  facies  in  disease  of  the  mind  is  often  characteristic.  The  depres- 
sion  of  melancholia,  the  agitation  and  eagerness  of  acute  mania,  the  aiert 
slyness  of  chronic  mania,  the  irregular  contractions  of  the  facial  muscles  in 
paresis,  the  fixed  expression  in  paranoia  with  homicidal  tendencies.  the 
fatuous  face  of  the  imbecile,  are  well  known  to  every  študent  of  psychiatry. 

FORM  AND  NUTRITION  OF  THE  BODY . 

These  are  important  factors  in  the  problem  of  diagnosis.  The  norma! 
of  different  individuals  varies  within  wide  limits.  It  is  scarcely  neces8ary 
to  say  that  persons  may  be  tali  or  short,  stout  or  slight,  fat  or  lean,  without 
manifesting,  even  in  wide  ranges  of  difference  in  these  respects,  either  the 
predisposition  to  or  the  symptoms  of  disease.  Health  consists  in  the  ability 
of  the  individual  organism  to  maintain  its  normal  activities  in  the  environ- 
ment  in  which  it  happens  to  be  placed.  The  somewhat  pailid,  hollow- 
chested  and  slender  book-keeper  often  has  good  health  and  length  of  days 
while  the  clear-eyed,  bright-skinned,  deep-chested,  weII-deveIoped  athlete 
not  infrequently  breaks  down  in  early  middle  life.  Variations  in  these 
respects  give  rise  to  predisposition  or  constitute  the  indications  of  disease 
when  they  become  excessive.  \Ve  say  that  a  man  has  a  splendid  or  powerful 
phvsical  development  when  the  measurements  of  his  body  transcend  the 
average,  but  the  health  of  another  who  does  not  reach  the  average  may 
be  equally  good.  Not  only  anatomical  structure  but  also  phy8ioIogical 
function  are  to  be  considered.  Subtle  hereditary  tendencies,  the  valuie  of 
which  we  cannot  always  estimate,  and  the  shifting  balance  between  the 
powers  of  the  organism  and  the  work  which  it  is  called  upon  to  do  engage 
our  attention.  To  say  that  the  physical  organization  is  feeble,  delicate, 
slender,  robust,  or  muscular  reeds  no  further  explanation.  The  eondition 
oi  nutrition  shows  itself  furthermore  in  the  development  and  tomcity  of 
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the  muscles  and  especially  in  their  relation  to  the  amount  of  subcutaneous 
fat — panniculus  adiposus.  On  the  one  hand  a  moderate  amount  of  sub- 
cutaneous fat  is  not  incompatible  with  excellent  health,  an  excess  is  alike 
inconvenient  and  dangerous,  and  obesity  constitutes  a  positive  disease. 
On  the  other  hand  a  spare  man  may  be  equally  healthy,  while  rapid  loss 
of  fat  is  a  suspicious  symptom  and  emaciation  an  alarming  sign  of  disease. 
In  estimating  the  value  of  these  conditions  the  hereditary  tendencies,  the 
occupation,  the  age,  and  the  sex  of  the  patient  must  receive  due  cbnsideration. 
In  young  infants  the  panniculus  is  well  developed.  In  infancy  it  often 
dwindles,  only  to  inerease  again  as  puberty  approaches.  At  this  period  it 
not  infrequently  again  becomes  excessive.  In  advanced  life  the  fat  com- 
monly  diminishes  and  the  aged  as  a  rule  are  spare.  The  panniculus  is  usually 
greater  in  women  than  in  men  and  very  often  increases  after  the  menopause. 
In  most  chronic  diseases  the  nutrition  is  impaired  because  either  sufficient 
nourishment  is  not  taken  on  account  of  loss  of  appetite,  or  that  which  is 
taken  is  not  assimilated.  A  high  degree  of  emaciation  attends  diseases  of 
the  digestive  organs  and  chronic  febrile  diseases,  for  example,  carcinoma, 
especially  carcinoma  of  the  cesophagus  or  pylorus,  enterocolitis  with  exces- 
sive  diarrhoea,  some  forms  of  diabetes  mellitus,  phthisis,  and  enteric  fever 
with  repeated  relapses.    Wasting  of  fat  is  accompanied  by  wasting  of  muscle. 

Weight. — The  weight  of  the  body  and  the  amount  of  subcutaneous 
fat  may  be  approximately  estimated  by  inspection,  but  this  method  is 
uncertain  and  practically  valueless  in  determining  the  progress  of  gain  or 
loss.  Accurate  data  can  only  be  obtained  by  the  use  of  scales  at  regular 
intervals  and  the  preservation  of  the  records  for  comparison.  Small  plat- 
form scales  provided  with  a  device  for  ascertaining  the  height  of  the  patient 
are  indispensable  in  the  consulting  room  of  the  medical  clinician  engaged 
in  the  treatment  of  chronic  cases.  The  automatic  weighing  machines  found 
in  public  places  in  the  cities  are  unreliable.  Allowance  must  be  made  for 
the  clothing  and  its  variations  in  the  different  seasons,  and  when  practica- 
ble  the  weight  should  be  obtained  shortly  after  the  voidance  of  urine  and 
an  action  of  the  bowels,  and  before  a  meal.  Errors  of  two  or  three  pounds 
may  thus  be  eliminated,  though  for  practical  purposes  in  the  long  run  slight 
fluctuations  in  the  weight  may  be  disregarded  in  the  course  of  chronic 
disease.  Many  healthy  individuals  show  an  annual  oscillation  of  several 
pounds  in  net  weight,  allowance  being  made  for  clothing,  the  minimum 
being  reached  in  the  spring  or  early  summer,  the  maximum  in  the  autumn 
or  beginning  of  the  winter.  The  body  weight  should  be  taken  according  to 
the  requirements  of  individual  cases  at  regular  intervals  of  a  week  or 
longer.     Daily  observations  are  unnecessary. 

The  relation  of  the  average  body  weight  to  the  age  and  height  of 
healthy  individuals  is  set  forth  in  the  following  tables: 

Average  NVeight  of  Healthv  Adult  Maleh. — IIutchinson. 

4  ft.     6  in.  to  5  ft.     O  in 92.2«  Ibs. 

5  ft.     O  in.  to  5  ft.     1  in 115.52  Ibe. 

5  ft.     2  in.  to  5  ft.     3  in 127.86  ibe. 

5  ft.    4  in.  to  5  ft.     5  in 139.17  ibe. 

6  ft.     6  in.  to  5  ft.     7  in 144.29  Ibe. 

5  ft.     8  in.  to  5  ft.     9  in l^l,1<Ss  VW. 

6  ft.  10  in.  to  5  ft.  11  in M^.'?«^  \a^. 

5  h.  21  in.  to  O  ft.     O  in Vil  .^^  ^^io^- 
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Infants,  whether  nursed  or  artificially  fed,  should  be  weighed  at  regular 
intervals  of  some  days  br  a  week.  Important  Information  is  thus  obtained 
not  only  as  to  the  appropriateness  of  the  food  in  kind  and  quantity  but 
also  as  to  the  presence  of  assimilative  disorders.  The  average  normal 
weight  of  the  newborn  is,  according  to  Uffelmann,  in  girls  3000  grammes, 
in  boys  3500.  During  the  first  three  or  four  days  of  life  there  is  a  decrease 
of  from  220  to  300  grammes.  After  this  there  is  in  healthy  children  a 
progressive  increase. 

Average  Daily  Increase  in  Weight  During  the  First  Ybar  of  Life. — Gerhardt. 


Ist    month 25 

2nd  month 23 

3rd  month 22 

4th  month 20 

5th  month 18 

6th  month 17 

7th  month 15 

8th  month 13 

9th  month 12 

lOth  month 10 

llth  month 8 

12th  month 6 


grammes. 
grammes. 
grammes. 
grammes. 
grammes. 
grammes. 
grammes. 
granmies. 
grammes. 
grammes. 
grammes. 
grammes. 


The  weight  index  is  the  ratio  of  the  weight  of  a  given  infant  to  the 
weight  of  the  average  normal  infant  of  the  same  age. 

Useful  figures  to  remember  are  that  the  initial  weight  is  doubled  at 
5  months  and  trebled  at  15  months;  also  that  the  weight  at  one  year  is 
doubled  at  7  years  and  that  this  weight  is  again  doubled  at  14  years  (Rotch). 

In  infants  and  young  children  misleading  inferences  may  be  dra\vTi 
from  a  consideration  of  the  weight  alone.  There  are  some  who  are  fat  and 
flabby  and  not  healthy.  Such  children  are  pallid,  they  lose  and  gain  weight 
rapidly  and  ha  ve  but  little  resisting  power  to  disease.  Then  there  are  niany 
who  are  bright  and  rosy,  whose  flesh  is  firm  and  solid,  whose  nutrition  is 
good,  who  gain  in  weight  normally  and  are  not  liable  to  the  wasting  diseases. 

In  the  following  table  the  comparative  average  weight  of  the  sexes 
is  shown.  It  \vill  be  observed  that  from  birth  until  the  sixth  year  the 
average  weight  in  the  two  sexes  is  nearly  the  same.  From  this  period  for 
some  years  the  weight  of  the  female  is  considerably  less  than  that  of  the 
male.  About  the  age  of  puberty  the  diflference  becomes  less  marked,  though 
the  weight  of  the  female  is  decidedly  below  that  of  the  male. 

Average  Normal  Weight  in  the  Two  Sexe8  at  Different  Periods  of  Life — QuETELrr. 


Males. 


Females. 


New-bom 3.1  kgs 

Ist   year 9.6  kgs 

2nd  vear 1 1.0  kgs 

3rd  vear 12.5  kgs 

4th  year 14.0  kgs 

5th  vear 15.4  kgs 

6th  vear 17.8  kgs 

7th  vear 19.7  kgs 

8th  vear 21.6  kgs 

9th  year 23.5  kgs 

lOth  vear 25.2  kgs 

llth  year 27.0  kgs 

13tb  yetur 33.1  kgs 


6.82  Ibs. 
19.80  Ibs. 
24.20  Ibs. 
27.50  Ibs. 
30.80  Ibs. 
33.88  Ibs. 
39.16  Ibs. 
43.34  Ibs. 
47.52  Ibs. 
51.70  Ibs. 
55.44  Ibs. 
59.40  Ibe. 
72.82  Ibe. 


3.0  kgs 

8.6  kgs 

11.0  kgs 

12.4  kgs 
13.9  kgs 
15.3  kgs 

16.7  kgs 

17.8  kgs 
19.0  kgs 

21.0  kgs 

23.1  kgs 

25.5  kii 
32.5  kgs 


6.60  Ibs. 
18.92  Ibs. 
24.20  Ibs. 
27.28  Ibs. 
30.58  Ibs. 
33.66  Ibs. 
36.74  Ibs. 
39.16  Ibs. 
41.80  Ibs. 
46.20  Ibs. 
50.82  Ibs. 
56.10  Ibs. 
71.50»». 
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Males.  Femalea. 

15th  year 41.2  kgs.  90.64  Ibs.  40.0  kgs.  88.00  Ibs. 

17th  year 49.7  kgs.  109.34  Ibs.  46.8  kgs.  102.96  Ibs. 

19th  year 57.6  kgs.  126.72  Ibs.  52.1  kgs.  114.62  Ibs. 

20th  year 59.5  kgs.  130.90  Ibs.  53.2  kgs.  117.04  Ibs. 

25th  year 66.2  kgs.  145.64  Ibs.  54.8  kgs.  120.56  Ibs. 

30th  year 66.1  kgs.  145.42  Ibs.  55.3  kgs.  121.66  Ibs. 

60th  year 61.9  kgs.  136.18  Ibs.  54.3  kgs.  119.46  Ibs. 

70th  year 59.5  kgs.  130.90  Ibs.  51.5  kgs.  113.30  Ibs. 

In  cases  of  tardy  or  interrupted  convalescence  from  an  acute  disease 
8y8tematic  observations  of  the  weight  of  the  patient  at  intervals  of  a  week 
are  of  great  use.  A  sudden  arrest  or  decrease  in  weight  may  mark  the 
development  of  a  tuberculous  process.  Loss  of  weight  is  of  great  impor- 
tance  in  the  diagnosis  of  early  phthisis.  An  arrest  of  the  loss,  stili  more 
a  gain  in  body  weight,  must  in  most  cases  of  this  disease  be  regarded  as 
favorable.  There  are,  however,  exceptional  cases  in  which  after  a  consider- 
able  steady  gain  in  weight  the  tuberculous  process  suddenly  makes  grave 
or  even  fatal  progress. 

The  weight  is  not  in  ali  cases  merely  an  indication  of  the  general 
nutrition  and  amount  of  fat.  It  is  sometimes  made  up  in  considerable  part 
of  dropsical  effusions,  as  in  advanced  disease  of  the  mitral  valve  with  rup- 
ture  of  compensation,  of  accumulations  in  the  serous  sacs,  as  in  massive 
serofibrinous  pleurisy  or  the  ascites  of  cirrhosis  of  the  liver,  of  the  contents 
of  cysts,  as  in  enormous  monolocular  disease  of  the  ovary,  or  of  new  growths 
of  large  size,  as  in  the  splenic  tumor  in  leuksBmia  or  sarcoma  of  the  kidney 
in  young  children.  In  a  dropsical  patient  the  successful  use  of  salines  or 
diuretics  may  be  followed  coincidently  with  the  subsidence  of  the  ana- 
sarca  by  a  reduction  in  weight  amounting  to  many  pounds  in  a  few  days. 
The  tendency  to  accumulate  excessive  fat  at  middle  life,  especially  in  women 
after  the  menopause,  must  be  regarded  as  pathological,  and  obesity,  as 
has  been  said,  constitutes  a  positive  disease.  The  gain  in  weight  occurs 
at  the  time  of  beginning  decrease  of  muscular  power,  at  the  period  of  phy8io- 
logiftal  involution.  The  individual  must  carry  about  a  growing  mass  of 
inert  fat  with  lessening  ability  on  the  part  of  the  skeletal  muscles  to  bear 
it  and  of  the  heart  to  carry  on  the  circulation,  and  the  disproportion 
between  the  burden  and  the  ability  to  bear  it  increases  with  advancing 
years.  Visceral  fat  accumulations  occur,  also  fatty  changes  in  the  myo- 
cardium  and  vessels.  Obese  persons  in  early  middle  life  bear  the  acute 
infections  and  especially  enteric  fever  badly.  Very  often  the  fat  accumu- 
lations are  largely  local,  as  in  the  mammse,  abdomen,  and  hips  in  women, 
or  in  the  abdomen,  abdominal  walls,  and  omentum  in  men  of  sedentary 
life  and  given  to  the  pleasures  of  the  table. 
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III. 

BONES;    JOINTS;    MUSCULATURE;  POSTURE,    ATTITUDE,  AND 
GAIT;    POSTURE   AND   MOVEMENTS   OF   INFANTS. 


BONES. 

The  skeleten  determines  the  stature  and  frame  of  the  individual.  As 
has  been  already  pointed  out  the  normal  limits  of  variation  in  the  meas- 
urements  of  the  bony  framework  are  very  wide.  Excess  in  either  direc- 
tion,  as  in  gigantism  or  dwarfism;  is  pathological  and  has  been  ascribcd  to 
derangements  of  the  functions  of  the  pituitary  body. 

AVEBAGE  HeIGHT  IN  MaLES  AND  FeMALES  AT  DiFFERENT  FeRIODS  OF  LiFE. QuETELET. 


Males. 


Females. 


New-bom 50.0 

Ist  year 69.8 

2nd  year 79.1 

3rd  year 86.4 

4th  year 92.7 

6th  year 98.7 

6th  year 104.6 

7th  year 110.4 

8th  year 116.2 

9th  year 121.8 

lOth  year 127.3 

15th  year 151.3 

20th  year 167.0 

25th  year 168.2 

30th  year 168.6 

40th  year 168.6 

60th  year 167.6 

70th  year 166.0 


cm. 
cm. 
cm. 
cm. 
cm. 
cm. 


20 
27 
31 
34 
37 
39 


cm.  41 
cm.  44 


cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 
cm. 


46 
48 
50 
60 
66 
67 
67 
67 
67 
66 


.00  in. 
.92  in. 
.64  in. 
.56  in. 
.08  in. 
48  in. 
,84  in. 
16  in. 
48  in. 
72  in. 
92  in. 
52  in. 
80  in. 
28  in. 
44  in. 
44  in. 
04  in. 
40  in. 


49.4  cm. 

69.0  cm. 

78.1  cm. 

85.4  cm. 

91.5  cm. 
97.4  cm. 

103.1  cm. 

108.7  cm. 

114.2  cm. 
119.6  cm. 
124.9  cm. 

148.8  cm. 
157.8  cm. 
157.4  cm. 
158.0  cm. 

158.0  cm. 

157.1  cm. 
155.6  cm. 


n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 


19.76 

27.60 

31.24 

34.16 

36.60 

38.96 

41.24 

43.48 

45.68  in 

47.84  in 

49.96 

59.52 

63.12 

62.96 

63.20 

63.20 

62.84 

62.24 


n. 
n. 
n. 
n. 
n. 
n. 
n. 
n. 


There  is  a  constant  relationship  in  healthy  persons  between  the  mus- 
cular  development  and  the  size  and  strength  of  the  bones.  In  puny  individ- 
uals  with  small  and  flabby  muscles  the  skeleton  is  usually  more  or  less 
under-developed.  In  this  nutritional  relationship  between  the  muscles 
and  the  bones  the  muscles  constitute  the  controlling  factor.  In  a  similar 
manner  the  bony  walls  of  the  cranium  and  thorax  undergo  changes  corre 
sponding  to  changes  in  the  viscera  which  they  contain. 

Thorax. — In  bed-ridden  indi\'iduals  and  those  suffering  from  wa8ting 
diseases  the  involution  of  the  lungs  from  diminished  functional  activity  or 
their  diminution  in  size  from  pathological  changes  causes  alterations  in 
the  shape  and  contour  of  the  thorax,  which  tends  to  assume  permanently 
the  EXPiRATORY  FORM;  while  an  active  life  in  the  open  air  by  increasing 
the  volume  of  the  lungs  modifies  the  chest,  which  under  these  circumstances 
tends  to  assume  permanently  the  inspiratorv  form.  Analogous  changes 
in  the  chest  result  from  lesions  which  increase  the  volume  of  the  thoracic 
viscera,  as  in  pulmonary  emphy8ema  and  great  cardiac  enlargement. 
The  point  for  the  študent  to  bear  in  mind  is  that  many  general  and  local 
changes  in  the  form  of  the  chest  are  primarily  due  to  visceral  disease  and 
not  to  disease  of  the  bones.    Some  of  these  are  more  marked  wheii  tlie 
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visceral  disease  takes  plače  early  in  life,  as  in  precordial  prominence  and  the 
development  of  Harrison^s  furrows,  others  late  in  life,  as  in  fibroid  phthisis 
and  emphysema.  There  are,  however,  exceptions  to  this  general  state- 
ment,  an  example  of  which  is  to  be  found  in  the  changes  of  the  shape  of  the 
chest  which  result  from  disease  of  the  spine,  as  kyphosis. 

Cranium. — The  skuU  may  be  abnormal  in  size  and  shape  either  as 
the  result  of  arrest  of  development  of  the  brain  with  or  without  malfor- 
mation,  or  as  the  result  of  pathological  increase  in  the  size  of  the  brain. 
The  short  diameters  and  peculiar  shape  of  the  head  of  the  microcephalic 
idiot  and  the  globe-like  cranium  of  chronic  hydrocephalus  developing  at 
birth  or  in  early  infancy  with  its  wide  sutures,  open  fontanelles,  and  card- 
like  thinness  of  the  bones,  are  examples  of  the  influence  exerted  by  changes 
in  the  soft  parts  upon  the  bony  walls  containing  them. 

Skeletal  Changes. — The  bones  themselves  undergo  pathological 
changes.  These  changes  may  be  general  or  local.  In  acromegalt  there 
is  hypertrophy  of  the  bones  of  the  hands,  feet,  and  face,  especially  the 
inferior  maxilla.  The  clavicles,  stemum,  and  in  some  instances  the  long 
bones  of  the  extremities  also  participate  in  the  over-growth.  In  osteitis 
DEFORMAN8  or  Paget'8  DISEASE  there  is  thickening  of  the  bones  of  the 
skull  and  changes  in  those  of  the  face,  the  outline  of  which  becomes  tri- 
angular  with  the  apex  at  the  chin;  the  long  bones  are  in  vol  ved  and  become 
deformed.  In  rickets,  a  disease  of  childhood,  the  head  is  large  and  square, 
the  forehead  prominent,  the  anterior  fontanelle  open,  the  epiphyses  of 
the  long  bones  are  enlarged,  nodules  develop  at  the  junction  of  the  ribs 
with  their  cartilages.  Changes  in  the  shape  of  the  chest  and  protnisiou 
of  the  sternum  cause  the  deformity  known  as  chicken  or  pigeon  breast. 
The  spine  is  curved,  the  clavicle  bent,  the  pelvis  deformed,  and  the  long 
bones  of  the  lower  extremities  show  deformity.  Rachitic  children  are  often 
bow-legged;  those  who  reach  maturity  are  under-sized.  Osteomalacia  is 
characterized  by  resorption  of  the  lime  salts.  The  bending  of  the  softened 
bones  under  the  action  of  gravity  and  muscular  tension  gives  rise  to 
extraordinary  deformities.  These  affect  the  spine,  thorax,  pelvis,  and  long 
bones.  In  some  instances  the  superficial  bones  crepitate  upon  pressure 
and  can  be  indented  by  the  finger.  They  are  readily  fractured  and  this 
accident  may  follow  a  trifiing  fall  or  blow  or,  in  the  čase  of  the  femur  or 
humerus,  result  from  the  muscular  force  exerted  in  turning  in  bed.     Pul- 

liONARY      OSTEOARTHROPATHT — 08TE0-ARTHR0PATHIE      HTPERTROPHIANTE 

pneumonique  of  Marie — a  condition  encountered  in  certain  chronic  dis- 
eases  of  the  lungs  and  pleura,  is  characterized  by  bulbous  enlargement  of 
the  terminal  phalanges  of  the  fingers  and  toes  and  of  the  distal  epiphyses 
of  the  bones  of  the  upper  and  lower  extremities.  The  finger-nails  are 
hypertrophied  and  strongly  incurved.  The  bones  of  the  head  and  face  are 
not  affected. 

JOINTS . 

There  are  affections  of  the  joints  which  lie  on  the  border  line  between 
8urgery  and  medicine.  To  the  former  belong  traumatic  and  operative 
conditions;  to  the  latter  lesions  arising  in  con8equence  of  various  consti- 
tutional  affections.    Commonly  the  que8tion  of  diagjaook  &c%t  \^fi^;&  '^IT^^2QL 
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the  medical  clinician.  Those  joint  affections  which  properly  come  withiii 
the  scope  of  internal  medicine  may  be  comprehensively  described  as  the 
MEDICAL  ARTHROPATHiES.  The  large  and  small  joints  niay  be  affected. 
The  chief  symptoms  are  pain,  especially  upon  movement,  impairment  of 
function,  and  thesigns  of  inflammation  or  disorganization,  namely,  changes 
in  color,  size,  and  shape.  The  requisites  to  the  proper  examination  of  a 
diseased  joint  are  a  knowledge  of  the  local  anatomy  and  pathology  and  of 
the  constitutional  diseases  in  which  joint  affections  occur. 

Pain. — Pain  is  an  important  symptom.  It  may  be  spontaneous.  More 
commonIy  it  is  caused  by  movement.  Pain  upon  pressure  occurs  in  acute 
forms  of  arthritis  and  is  often  intense.  Pain  is  commonly  referred  to  the 
affected  joint,  sometimes  to  a  distant  part,  as  the  pain  in  the  knee  in  hip- 
joint  disease.  In  consequence  of  the  freer  movement  permitted  by  mus- 
cular  relaxation  during  sleep  the  pain  is  worse  at  night.  There  inay  be 
insomnia,  or  sleep  may  from  time  to  time  be  broken  by  sudden  agonizing 
pain.  This  is  especially  the  čase  in  tuberculous  joint-disease.  The  patient 
very  often  awakes  with  a  sharp  cry  of  pain.  The  pain  in  myalgia  and 
various  forms  of  neuritis  is  frequently  attributed  to  diseases  of  the  joint; 
upon  movement  the  pain  is  found  not  to  involve  the  joint,  but  other  struct- 
ures,  and  the  joint  is  neither  tender  nor  swollen.  In  chronic  joiot  affections 
movement  is  sometimes  attended  by  a  sensation  of  grating  or  erepitus,  or 
there  may  be  a  catching  sensation  attended  (vith  crackling  sometimeB 
audible  at  a  distance. 

Color. — The  color  of  the  joint  in  acute  inflammation  is  pinkish  or  red; 
when  intense  it  is  cyanotic  or  dusky.  When  there  is  marked  periarticular 
oedema  the  overlying  skin  is  pale. 

Changes  in  Size. — In  acute  inflammation  the  joints  are  U8ually 
enlarged.  This  enlargement  is  attended  with  alteration  in  the  contour. 
These  changes  are  due  to  effusion,  which  may  be  articular  or  periarticular. 
The  former  may  be  serous,  purulent,  or  hemorrhagic.  The  latter  may 
be  oedematous  or  exudative.  These  conditions  are  often  combined.  In 
chronic  arthritis  there  is  infiltration  of  the  tissues  entering  into  the  for- 
mation  of  the  joint.  Enlargement  due  to  effusion  within  the  joint  may 
be  recognized  by  palpation,  especially  in  large  joints.  In  the  knee  the 
patella  floats.  Rounded  local  swellings  fluctuating  upon  palpation  mav 
indicate  the  distention  of  the  synovial  sac.  Enlargement  may  be  due 
to  changes  in  the  ends  of  the  bOnes. 

Irregular  diminution  in  the  size  may  occur  in  chronic  disease  of  the 
joints,  as  rheumatoid  arthritis  or  other  diseases  characterized  by  resorp- 
tion  or  retrogressive  processes.  Not  only  the  tissues  of  the  joint  but  the 
periarticular  structures  undergo  atrophy  and  subluxations  occur,  or  there 
may  be  diminution  in  the  soft  parts  with  thickening  of  the  bones.  Ali 
these  processes  are  associated  with  changes  in  contour. 

The  posture  is  of  importance.  In  forms  of  acute  arthritis,  fiexion  or 
8emi-flexion  and  immobility  are  present — the  attitude  of  least  tension  and 
therefore  of  least  pain.  The  mobility  of  the  joint  is  determined  by  paarive 
movement.  Fixation  may  be  voluntary  because  it  relieves  pain.  It  iiiay 
result  from  muscular  spasm  or  large  effusion.  Sudden  locking  of  a  joint, 
eepeciBl]y  the  knee,  may  be  due  to  fioating  cartilages  or  '^  joint  mice" 
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becoming  arrested  between  the  anterior  surface  of  the  bones  and  the  cap- 
sular  ligament.  In  late  cases  the  itnmobility  is  due  to  ankylosi8,  which  may 
be  adhesive,  fibroua,  or  bony.  Movement  may  be  limited  or  prevented  by 
the  development  of  O8teophyte8  in  the  region  of  the  joints.  Crepitus  nmy 
be  detected  upon  palpation. 

Any  of  the  joints  jnay  be  involved  in  general  diseases.  The  knee, 
hip,  and  sboulder  are  especially  important,  because  of  the  frequency  with 
vhich  they  are  implicated,  the  disabling  results,  and  the  tendency  to 
disorgaoization  and  ankylosi9. 

The  medica)  arthropathies  are  infiammatory  or  infective,  degenera- 
tive,  and  neuropathic. 

Priniary  Artbiitis. — Simple  acute  synovitis  with  effusion  ia  very 
common  especially  in  adolescente  and  young  adults.     It  most  frequently 
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involves  the  knee-joint.  Traumatism  and  sudden  chilling  are  causes.  Some 
of  the  cases  appear  to  be  monarticular  rheumatism  with  tritling  fever. 
There  is  marked  tendency  to  recurrencc  and  chronicity. 

Rbeumatic  Fever. — The  afTected  joints  are  swollen,  hot,  usually 
8lightly  reddened,  and  painful  upon  motion.  The  amount  of  swelling  is 
variable.  The  intra-articular  efTusion  is  usually  slight  or  modcrate,  the 
pcriarticular  cedema  bcing  coiiimonly  marked.  When  the  wrists  and 
ankles  are  implicated  there  is  marked  swelling  of  the  hands  and  feet.  The 
joint  eRusion  of  rheumatic  fever  is  fugacious.  The  tendency  to  rapidly  sub- 
side  in  one  joint  and  develop  in  others  is  characteristic.  The  procesa  is 
rarely  limited  to  a  single  joint.  Any  joints  may  be  affected,  but  the  knees, 
ankle.f,  and  wrists  are  especially  liable  to  the  rheumatic  inflammation. 

Chronlc  Rheunuitlsfn. — This  term  is  apptied  to  a  chronic  condition 
in  which  the  joints  are  painful,  stiff,  moderately  s wol len,  and  but  slightly 
deformed.  It  ia  common  in  individuals  who  have  been  faiuch  exp08ed  to 
the  vicissitudea  of  the  weather  or  have  lived  in  damp  places.  Its  etiological 
afiinity  to  rheumatic  fever  n)ay  well  be  queBtioned.  Some  of  the  cases 
deacribed  under  this  term  are  undoubtedly  subacute  forma  o(  rhAun\a.tAvL 
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arthritis.  In  others  the  procesa  is  gouty.  Casea  of  adheuve  ehronic  ar- 
thritis  have  been  described  under  the  term  ehronic  rheumatism.  Very 
fat  persona  with  small  bonea  at  or  beyond  middle  life  often  suffer  from 
painful  knees.  There  is  nothing  to  indicate  gouty  or  rheumatic  disease 
and  no  sign  of  actual  inflammation.  The  pain  is  brought  on  by  standing 
or  walking  and  is  often  intenae.  There  niay  be  tenderness.  The  condition 
is  mechanical,  the  bearing  surface  being  )nadequate  to  the  weight  of  the 
body.     Other  articulations  are  not  involved. 

Oout,— This  form  of  arthritis  is  due  to  the  precipitation  of  salts  of 
uric  acid  in  the  jolnt  structurea.  The  metatarsophalangeal  joint  of  the 
great  toe  is  firat  and  most  commonly  affected,  but  other  joints  and  espe- 
cially  the  knee  and  ankle  are  occasionally  involved.  There  ia  rapid  8well- 
ing  n-ith  heat,  tcnsion,  and  a  bluish-red  glistening  skin. 

Arthritis  Deformans. — Implication  of  the  joints  is  U8ually  symmetii- 
cal  though  monarticular  forms  occur.  First  one  or  two  joints  only  are 
involved.     Gradually  others  are   implicated  and   cases  occur  in    which 


ali  the  joints  sufTor.  Attacks  of  acute  inflammation  are  succeeded  by 
periods  of  quiescence,  but  after  each  attack  the  evidences  of  disintegra- 
tion  are  more  pronounced.  The  ligaments  of  the  small  joints,  e8pecislly 
of  the  hands.  are  relaxed  and  the  bones  of  the  phalanges  under  the  action 
of  gravity  very  often  form  an  obtuse  angle  with  the  metacarpal  bones 
toward  the  ulnar  side.  Atrophic  changes  in  the  muscles  and  other 
slruolures  relating  to  the  affected  joints  occur  in  extreme  cases. 
Ali  the  articulations  may  become  ankylosed  and  the  patient  bed- 
ridden  and  almost  rompletely  helpless.  There  are  partial  or  mon- 
articular forms  which  occur  in  old  peraons.  The  spine  may  be 
involved — apondylitia  deformans — with  pain,  anaMtheaia,  and  muscular 
atrophy.  In  other  cases  the  apine  is  involved  together  with  the  shoul- 
der-  and  hip-joints  and  nervous  symptuni3  are  )ess  prominent.  Kyphou8 
and  fixation  occur. 

Infective  Arthritis.  — Inflammatorv  joint  affections  frequently 
develop  during  convalescence  from  the  acute  infectious  diseaaea.  One 
or  more  joints  ahow  signs  of  inflammation,  This  form  of  arthriti« 
is  frequent  after  scarlet  fever  and  sonietimes  occurs  in  cerebroBpinsI 
meningitia,    the    variolous    diseaaes.    dengue,    and    enteric    fever.     An 
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acute  arthritis  going  on  to  suppuration  with  disorganization  of  the  joint 

occurs   in   aeptic    conditions.      The   joint    afTectioii   whicli   accompanies 

osteoinyelitis  is  attended  w'ith  high 

fever  and  constitutional  disturbances. 
Oonorrhoal    Arthritis.  —  Fre- 

quently  one  joint  only  is  involved, 

Bometimes  several.    The  knee,  wrist, 

and  ankle  frequently  suffer.     Teno- 

synovitis    niay    oceur.       Fever    ia 

moderate    or    absent,    or    there    is 

great  pain  on   movement,  and  the 

joint    affection    is    frequently    pcr- 

sistent   and    disabling. 

Arthritis  in  Hemorrbaglc  Dls- 

eases. — Acute  arthritis,  more  or  lesa 

intense  and  suggestive  of  the  joint 

affection  of  rheumatic  fever,  occurs 

in  forms  of  purpura  and  in  hiemo- 

philia.     It  13  the  larger  joints  tbat 

are   chiefly  aftected.     Intra-articular  hemorrhage   may  occur.     Arthritis 

is   an   occasional   complication   of   sciirvy. 

Tuberculous  Arthritis.— Tuber- 
culous  joint  disease  is  common.  It 
is  often  aecondary  to  tuberculosis  of 
the  bones.  It  was  formerly  known 
as  white  swelling — tumm-  aibua.  The 
procesa  is  co  m  parat  i  vel  y  subacute 
but  tends  to  permanent  disorgani- 
zation.  Tuberculous  joints  are 
uauaUy  swollen.  In  the  course  of 
the  disease  chronic  infiamnmtory 
infiltration  takes  plače  inlo  the  cap- 
suic,  ligaments,  and  periarticular 
connective  tissue.  Caaeation  and 
softening  result  in  abscess  formation 
and  burrowing  aiong  the  lines  of 
least  resislance.  Tortuous  fistulous 
passages  occur,  The  hip,  elbow, 
knee,  and  wrist  are  frequently 
affected,  There  may  be  evidences 
of  tuberculosia  in  the  lungs  or  else- 
where.  More  comnionly  the  process 
is  Hmited  to  the  afTected  joint  and 
adjacent  structures. 

Syphills. — The  acute  jointaffec- 
ion  of  new-born   infants  sometimes 

regarded  as  rheumatic  is  mostly  8yphUitic.    It  is  a  form  of  primary  exuda- 

tive  arthritis  with  fibrous  thickening  of  the  capaule.     Gummatous  inflam- 

mation  in  the  neighboring  tissues  niay  invotve  a  joint  by  ex.teasiot^.    W 
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acquired  syphili8  Bubacute  eynoviti8  occastonally  oceurs  during  tke  period 

of  eniption.     The  sternoclavicular  joint   8how8  a  peculiar   liability.     Id 

late  syphi!is,  forms  of  chronic  arthritis,  the  result  of  gummatous  infiltratton 

of  the  tissues  forming  the  joint,  oocur. 

Actinomyco8l8. — The  jointg  are 

sometimes    involved    by    inetaetasis. 

In  other  cases  they  are  invaded  by 

extension,  as  when  the  disease  reaches 

the  articulations  of  the  cervical  verte- 

brie    or    when    prevertebrai    actino- 

mycosi3   attacks    the    spine    or    the 

disease  extends  from  the  thorax  to 

the   sternoclavicular  joints  or    from 

the  abdomen  to  the  hip-joints. 

Neuropathic  Joint  Affectlons. — 
Hyslena  especially  may  simulate  dis- 
ease of  the  joints.  The  impairment 
of  function  is  caused  by  contracture 
of  muscles.  Pain  is  more  difFuse  and 
Bpontaneous  than  in  actual  arthritis. 
The  patient  avoids  movement  and 
Fio.  175.— O(morrh^^^»rihriii«.— ppnnsyivmni«  j^^g  notcooperate  in  the  examination. 
The  signs  of  efTusion,  inflamrnation, 
and  erosion  are  lacking.  These  are  the  cases  in  whieh  spontaneous  curea 
sometimes  occur  under  profound  mental  suggestion.  In  some  instances, 
from  prolonged  disuse,  infiltration,  and  thickening  of  the  periarticular 
tissues,  false  ankyiosis  and  atrophy  of  the  associated  muscles  occur.  It 
is  important  to  bear  in  mind  that  hy8terical  8ymptom8  may  be  superadded 
to  those  of  actual  joint  disease.  The  differential  diagnosis  between 
traumatic  joint  disease  and  a  hy8terical  joint  in  traumatic  hy8teria  is 
occ'asionally  attended  with  ditSculty.     Vasomotor  changes  ^'ith  swelling, 


tension,  and  redness  sometimes  occur  and  the  surface  temperature  inay 
be  tvio  or  three  degrees  higher  than  that  in  the  axilla.  These  8yinp- 
toms  are  not  associated  with  fever  or  the  evidences  of  constitutional 
disturbaace  and  are  cominonly  tranaitor/  and  recurrent. 
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More  important  are  the  changes  that  take  plače  in  connection  with 
certain  diseases  of  the  nervous  system — Charcot'8  joints,  tabetic 
joiNTS — particularly  loco  motor  ataxia,  syringomyelia,  less  frequently  in 
anterior  poliomyelitis  and  other  diseases  of  the  spinal  cord.  The  joint 
affection  in  tabes  is  much  more  common  in  the  joints  of  the  lower  extrem- 
ities,  e8pecially  the  knee,  less  frequent  in  the  hip  and  ankle;  that  of 
8yringomyelia  is  by  far  more  common  in  the  upper  extremities.  The 
derangements  are  primarily  trophoneurotic.  The  process  is  frequently 
monarticular.  The  pathological  and  clinical  changes  correspond  to  those 
of  the  milder  and  graver  forms  of  rheumatoid  arthritis.  In  the  more 
severe  forms  they  differ  in  suddenness  of  onset,  intra-articular  effusion, 
and  a  rapid,  disintegrating  course  without  pain.  Subluxations  and 
luxation8  take  plače.  When  the  tarsal  articulations  are  implicated 
flat-foot  oceurs  with  characteristic  deformities — the  tabetic  foot. 

MUSCULATURE . 

Diagnostic  crit-eria  of  importance  are  obtained  by  an  examination  of 
the  condition  of  the  mnscles.  Wide  variations  in  the  bulk  and  tonicity 
of  the  general  musculatiire  is  encountered  within  the  limits  of  health. 
These  variations  depend  largely  upon  the  hereditary  constitution,  occu- 
pation,  and  bodily  activities  of  the  individual  and  are  not  of  diag- 
nostic significance.  Trophic  derangements  result  in  hypertrophy  and 
atrophy. 

l1ypertrophy. — True  hypertrophy,  that  is  to  say,  increased  volume 
with  increase  of  power,  is  exceedingly  rare.  It  oceurs  in  Thomsen's  disease. 
CoNGENiTAL  HYPERTROPHiA  MUSCULORUM  VERA  has  been  dcscribed.  Patho- 
logical increase  in  the  muscles  is  almost  always  a  p8eudohypertrophy. 
The  abnormal  volume  is  not  due  to  an  increase  in  the  contractile  tissue 
but  to  a  proliferation  of  the  connective  tissue  and  fat.  This  muscular 
dy8trophy  oceurs  in  its  most  pronounced  form  in  the  so-called  pseudo- 
hypertrophic  muscular  paralysis  of  childhood,  and  very  rarely  in  some 
of  the  affected  muscles  in  certain  .cases  of  chronic  progressive  muscular 
atrophy. 

Atrophy. — Atrophy  of  the  muscles  may  be  simple  or  inactivity  atrophy 
— the  atrophy  of  disuse.  The  affected  muscles  are  diminished  in  size,  soft, 
and  flaccid;  there  is  loss  of  the  contractile  substance;  the  interstitial  con- 
nective tissue  is  not  increased.  This  form  of  atrophy  oceurs  in  certain 
forms  of  paralysis,  and  supervenes  upon  mechanical  fixation  of  a  limb  or 
the  prolonged  immobility  resulting  from  joint  pain  or  ankylo8i8.  Com- 
plete  loss  of  movement  usually  gives  rise  to  a  high  grade  of  simple  atrophy. 
Atrophy  from  disuse  rarely  attains  the  degree  often  seen  in  the  degenera- 
tive  atrophies.  In  simple  atrophy  there  is  general  diminution  in  the  volume 
of  the  affected  limb,  while  in  the  degenerative  atrophies  single  muscles  or 
groups  of  muscles  are  exclusively  or  chiefly  involved.  The  electrical  re- 
actions  in  simple  atrophy  are  quantitatively  and  not  qualitatively  changed. 
The  nutritional  muscular  atrophy  which  oceurs  in  starvation,  in  the  course 
of  acute  infections,  and  in  the  chronic  wasting  diseases  must  be  regarded 
as  a  diffuse  form  of  simple  atrophy. 
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Myoidema. — This  phenomenon  conaists  in  a  sudden  coDtractioti  of 
muscutur  fibres  when  snmrtl}'  tapped  with  the  finget  or  hammer,  with 
traiisit:jry  huiiiping  at  thc  point  of  impact.  It  13  Dismfested  in  musi-los 
that  are  undergoinf;  rupid  wasting,  e8pccia)Iy  in  phthiuiB,  and  is  as  a  rule 
best  deveIo|)cii  in  tlie  musfles  of  tlie  diest. 

Degenerative  Atropby. — The  degenerutive  muscular  atrophies,  whuh 
are    churucteiizfjd   aut   oiily   by   luc:s   of    eontractile    subetaiiee   but  aiso 


ihovini  tha 


by  an  overgrottth  of  tlie  Interstitiul  connective  tissue,  niay  be  referred  to 
two  {rroups:  (a)  the  progressive  niuscuLir  ufrophies,  aiid  (b)  thc  atropliic 
parulvsos. 

Tlie  progressive  muscular  utrojiliios  iri;iy  Ik-  dividod  iiitn  mvopatiiic. 
prriphrTiil, and  cciilnil  or  nuclear  luiurdiiig  to  tlie  srat  of  the  cssontial 
piitliiilnfiifiil  proccss,  which  inay  ]n-ini:irily  iiivulvc  tlie  mus^i-lcs«,  or  result 
froni  an  amtc  or  clirniiic  jieiiphcral  noniiris.  or  froni  drgenerative  ohangr« 
in  the  ganglion  ccIls  of  the  anferior  horna  of  the  cord,  or  the  motor 
nuclei  of  the  braiii.  Thoro  is  progressive  iitrophv  uf  individual  musrlps 
and  niuscic  groui)s;  diffusc  atrophv  of  an  eniire  linili  occurs  only  in 
atlvtiiu-oil  stanom;  the  strcngth  of  thc  ninsclcs  is  iliminished  in  proportion 
to  thf  tliniiuution  of  their  volume.   lnlYi»Tes\»c\.\W  vvci^tt*«wii\wa»csS»iE 
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atrophies  are  in  contrast  with  the  8econdary  degenerative  atrophies  which 
foIIow  the  atrophic  paralysc3.  In  the  latter  the  paralysis  comes  first,  the 
atrophy  afterwar(l8.  The  discrimination  between  myopathic,  neural,and 
nuclear  muscuiar  atrophies  reats  upon  the  fact  that  in  the  different  forma 
particular  groups  of  muscies  are  affected.  In  the  myopathic  forma  of 
degenerative  atrophy — the  muscuiar  dystrophies — the  tollotving  principal 
types  occur:      1.  Pseudohypertrophic   muscuiar  atrophy  of   childiiood — 


the  8o-called  pseudohypertrophlc  muscuiar  pjiralysis.  2.  The  juvenile 
type  of  Erl) — dystrophia  musculorum  progressiva;  the  atrophy  begins  in 
the  shoulder  girdle  and  ia  not  preceded  by  p3eudohypertrophy.  3.  The 
juvenile  tvpe  of  Leyden-M6bius;  the  atrophv  begins  in  the  lower  pxtrem- 
ities.  This  form  is  closeiv  allied  to  the  progressive  pseudohypertrophy  of 
childhood.     4.  The  tnfantile  tvpe  of  Duchenne — the  facio-scapulo-humeral 


Fio.  170.— Gcnrnl 


type  of  Landou7,y-I>ejerine.  This  form  bcgins  in  the  face.  The  losa  of 
power  in  the  muscies  of  pxpre8sion  gives  rise  to  the  characterislic  faciks 
MYOPATHiCA,  The  eye8  can  no  longer  be  completely  closed,  the  cheeks  are 
Bunken,  the  lips  thickened  and  everted.  speech  is  inlpaired,  and  the  ordinary 
changes  in  the  countenance  in  laughter  and  crving  are  not  seen.  The 
myopathic  atrophies  are  conimonlv  her.editary  and  almost  alway9  show 
themaelves  in  early  hfe.  Neura!  atrophy  begins  commonIy  in  the  under 
eztremities  in  the  distribution  of  the  peroneal  nerve — the  j)eroneal  tvpe 
of  Charcot  and  Maric — and  may  lead  to  the  development  of  clul>-foot, 
a0ually  pes  equinu8  or  pa  equinovarus.    ll  d\Reta  Itotft  oVVit  \«\-Ka  A 
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myopathic  atrophy  in  the  frequent  occurrence  of  derangements  of  sensation, 
pain,  and  fibrillary  contractions  and  in  theoccasional  presenceof  the  reaction 
of  degeneration.  In  many  cases  of  peripheral  neuritis  the  affected  muscles 
undergo  degenerative  atrophy.  Spinal  or  nuclear  atrophy  iisually  first 
8hows  itself  in  the  intrinsic  muscles  of  the  hand  and  by  extension  earlv 
involves  the  tongue,  lips,  palate,  pharynx,  and  larynx,  giving  rise  to  the 
picture  of  bulbar  paralysis.  Fibrillary  contractions  of  the  muscles  are 
common  and  reactions  of  degeneration  occur.  The  disease  develops  almost 
exclusively  in  adult  life  and  is  not  hereditary. 

The  Atrophic  Paralyses. — The  muscles  undergo  secondary  degenera- 
tive atrophy.  The  lesion  which  interferes  with  the  transmission  of  motor 
impulses  at  the  same  tirne  interrupts  trophic  influences  to  the  musde. 
The  paralysis  shows  itself  first  and  is  followed  by  atrophy,  which  in  the 
course  of  some  weeks  becomes^marked  and  often  reaches  a  very  high  grade. 
The  reactions  are  those  of  degeneration.  In  this  form  of  degenerative 
atrophy  fibrillary  contractions  are  frequently  present. 

THE  POSTURE,   ATTITUDE,  AND   GAIT. 

Posture. 

Patients  who  are  very  ill  of  an  acute  disease  or  in  the  advanced  stages 
of  chronic  disease  are  usually  seen  in  bed;  those  suffering  from  trifling 
affections  or  in  whom  the  symptoms  of  grave  disease  are  not  yet  urgent 
or  disabling  continue  to  be  about,  but  this  is  not  always  the  čase.  Whether. 
on  the  one  hand,  a  patient  remains  up  and  about,  endeavoring  to  attend 
to  his  ordinary  duties  while  suffering  from  serious  symptoms  or,  on  the 
other  hand,  betakes  himself  to  bed  upon  the  occurrence  of  trifling  symp- 
tonis  is  often  a  matter  of  temperament.  It  is  not  uncommon  for  a  patient 
suffering  from  enteric  fever  to  come  to  the  consultation  room  or  dispensarv 
in  the  second  week  of  the  attack  with  a  temperature  of  104*^  F.  (40*^  C.)  and 
a  well-developed  rose  rash — walking  typhoid.  Patients  who  realize  their 
condition  very  often  feel  compelled  by  circumstances  to  continue  the 
discharge  of  a  daily  duty  or  are  buoyed  up  by  the  hope  of  speedy  improve- 
ment,  and  again  there  are  acute  diseases  which  run  a  favorable  course  which 
begin  with  urgent  and  distressing  symptoms.  The  physician  ii8ually 
finds  those  patients  in  bed  who  have  high  fever,  prostration,  or  a  general 
sense  of  serious  illness,  and  those  who  suffer  from  dyspnoea,  pain,  vertigo, 
and  other  symptoms  intensified  by  movement  or  exertion.  In  meningitis, 
peritonitis,  rheumatic  fever,  pericarditis,  typical  croupous  pneumonia,  and 
in  well-developed  cases  of  the  acute  exanthemata  it  is  impossible  for  the 
patient  to  be  out  of  bed.  It  is  to  be  notcd,  however,  that  upon  the  appear- 
ance  of  the  eruption  in  the  variolous  diseases  the  symptoms  of  onset  often 
undergo  such  an  amelioration  that  the  patient  regards  himself  as  conva- 
lescent  and  insists  upon  getting  out  of  bed. 

Decubitus  is  the  posture  of  the  patient  in  bed.  It  is  of  diagnostic 
importance.  It  is  in  moderate  illness,  as  in  health,  easy  and  unconstrained. 
The  patient  arranges  the  bed-clothes,  changes  his  position  wheii  it  has 
become   uncom/ortable,   lies  naturally   upon   his   back — active  dobsal 
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DECUBiTUS — or  turns  upon  the  side — active  lateral  decubitus.  The 
posture  of  weak,  helpless,  or  unconscious  individuals  in  bed  is  wholly  dif- 
ferent.  The  muscles  play  little  part  in  maintaining  the  position. 
The  relaxed  body  yields  to  the  law  of  gravity  and  sinks  toward  the 
foot  of  the  bed,  where  it  remains.  The  patient,  even  when  his  breathing 
is  hindered  and  his  position  is  uncomfortable,  is  unable  to  change  it.  The 
attendants  must  again  and  again  lift  hi  m  upon  the  pillows.  The  condition 
is  wholly  passive — passive  dorsal  decubitus.  In  rare  instances  the 
patient  in  this  state  lies  upon  the  side — passive  lateral  decubitus. 

Forced  or  imperative  attitudes  are  very  characteristic  of  certain 
diseases.    The  following  are  the  most  important: 

Tiie  Dorsal  Posture. — In  acute  peritonitis,  whether  general  or  local, 
the  patient  lies  upon  the  back  with  the  thighs  flexed  upon  the  abdomen 
and  the  legs  upon  the  thighs.  Movement  is  avoided  and  the  patient  shrinks 
from  pressure  upon  the  abdomen. 

Tiie  Reclinins  Dorsal  or  the  Sittins  Posture. — In  diseases  attended 
with  difficult  respiration,  especially  certain  diseases  of  the  respiratory 
and  circulatory  organs  and  the  kidneys,  the  patients  are  forced  to  assume 
a  semi-upright  posture  on  the  bed-rest  or  propped  up  with  pillows,  or  to 
sit  upright.  Attempts  to  lie  flat  in  bed  increase  the  difficulty  of  respiration. 
The  sitting  position  relieves  it  by  favoring  the  action  of  the  accessory 
respiratory  muscles,  especially  when  the  arms  are  used  to  elevate  and  fix 
the  shoulders.  In  the  čase  of  peritoneal  effusions  the  respiratory  move- 
ment of  the  diaphragm  is  less  interfered  with  in  the  sitting  posture  unless 
the  effusion  be  very  large,  in  which  čase  the  abdomen  is  somewhat  com- 
pressed  by  the  thighs.  This  attitude,  furthermore,  favors  the  return  of  the 
venous  blood  from  the  brain.  For  this  reason  high  grades  of  dy8pncea 
are  described  under  the  term  orthopncea.  When  the  difSculty  of  respira- 
tion is  extreme  the  patients  can  no  longer  remain  in  bed  but  are  obliged  to 
sit  upright,  fixing  the  shoulders  by  placing  the  hands  upon  the  side  of  the 
chair  or  its  arms  in  order  to  facilitate  the  use  of  the  accessory  muscles  and 
to  relieve  the  abdomen  from  the  pressure  of  the  thighs.  The  distress  is 
also  to  some  extent  relieved  by  the  gravitation  of  venous  blood  and  the 
fluid  of  general  dropsical  effusions  to  the  lower  extremities.  Orthopnoea 
is  present  during  the  paroxysms  of  asthma,  in  extreme  cases  of  valvular 
disease  of  the  heart  with  ruptured  compensation,  in  large  pleural  and  peri- 
cardial  effusions,  in  massive  peritoneal  effusions,  and  in  general  anasarca, 
which  may  be  cardiac  or  renal  but  is  very  often  cardiorenal.  It  occurs 
also  in  advanced  pulmonary  emphysema  and  in  obstructive  diseases  of 
the  larynx,  as  croup  and  diphtheria.  Except  in  extreme  cases  it  is  usually 
paroxysmal,  the  attack  being  brought  on  by  movement,  coughing,  conver- 
sation,  or  other  exertion. 

Lateral  Postures. — Patients  suffering  with  unilateral  disease  of  the 
thoracic  organs  very  often  lie  upon  the  affected  side.  This  is  especially 
the  čase  in  large  pneumonic  exudates,  pleural  and  pericardial  effusions,  and 
other  conditions  which  greatly  diminish  the  respiratory  surface  of  the 
a£fected  lung.  In  this  posture  the  respiratory  excursus  of  the  sound  side 
is  not  hampered  by  the  weight  of  the  diseased  organs.  In  painful  condi- 
tions, however,  the  patients  sometimes  lie  upon  the  sound  «\dft«   \\i  %5s>^ftk 
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fibrinous  pleurisy  the  pain  of  which  is  greatly  intensified  by  breathing, 
the  lateral  decubitus  upon  the  affected  side  is  assumed  by  preference  because 
the  weight  of  the  body  somewhat  diminishes  the  respiratory  excur8iis  of 
that  side  of  the  chest.  Patients  suffering  from  heart  disease  and  manv 
individuals  in  good  health  lie  more  cojnfortably  upon  one  side  than  upon 
the  other;  sometimes  the  right  side  is  preferred,  sometimes  the  left.  In 
cardiac  hypertrophy  the  patients  usually  lie  more  comfortably  upon  the 
left  side,  and  in  large  aneurisms  of  the  aorta,  upon  the  affected  side.  Pa- 
tients suffering  from  harassing  cough  in  the  dorsal  position  are  sometimes 
relieved  by  turning  upon  one  side.  This  happens  in  certain  cases  of  uni- 
lateral  pulmonary  cavity  and  the  relief  is  obtained  by  turning  upon  the 
affected  side.  The  explanation  of  this  phenomenon  is  purely  physical; 
while  the  patient  lies  upon  his  back  or  upon  the  sound  side  the  secretion 
formed  in  the  cavity  escapes  into  the  bronchus  little  by  little,  causing 
irritation  which  manifests  itself  by  cough,  while,  on  the  other  hand,  if  he 
continues  to  lie  upon  the  affected  side  it  collects  without  producing  reflex 
cough  until  the  ca\dty  overflows.  The  lateral  decubitus  with  the  thighs 
and  legs  flexed  upon  the  abdomen  and  the  spine  and  neck  8trongly  arched 
forward  is  usually  assumed  during  the  pains  of  parturition  and  is  common 
in  hepatic  and  intestinal  colic.  In  acute  cerebrospinal  meningitis  the 
patient  frequently  lies  upon  the  side  with  the  thighs  and  legs  stronglv 
flexed  and  the  spine  extended  in  the  position  of  opisthotonos.  In  some 
cases  the  lower  extremities  are  extended — complete  opisthotonos. 

The  ventral  posture  is  sometimes  assumed  in  cases  of  abdominal  pain, 
as  colic,  gastralgia,  or  enteralgia.  The  patient  lies  prone  upon  the  bed 
with  his  face  buried  in  the  pillow.  Tenderness  upon  abdominal  pressure, 
as  in  peritonitis,  renders  this  attitude  impossible.  It  sometimes  affords 
relief  to  the  pain  of  abdominal  aneurism  and  in  certain  cases  of  caries  of 
the  spine.  In  most  cases  of  gastric  ulcer  this  posture  is  avoided  on  account 
of  the  epigastric  tenderness  upon  pressure.  In  some  cases  of  this  disease. 
h()\vever,  the  pain  is  relieved  by  the  ventral  decubitus,  probably  because 
the  ulcer  is  so  situated  as  to  escape  in  this  position  the  pressure  of  the 
contents  of  the  stomach.  Patients  suffering  from  headache  very  often 
assume  this  posture. 

Restlessness  in  bed  is  a  very  common  symptom.  The  patient  is  unable 
to  maintain  the  same  position  for  any  length  of  time;  he  tosses  about. 
turns  from  side  to  side,  fusses  at  the  bed-clothes,  and  his  hands  and  feet 
are  in  constant  motion.  Restlessness  may  be  the  manifestation  of  nervous 
irritability  or  of  pain.  It  is  common  in  affections  attended  with  burning 
and  itching  of  the  skin,  as  scarlet  fever  and  urticaria.  It  occurs  also  in 
some  cases  of  shock  and  accompanies  profuse  hemorrhage,  in  which  čase 
it  is  attended  with  pallor,  urgent  thirst,and  rapid,  snfiall  pulse.  In  truth 
the  association  of  restlessness  with  these  svmptoms,  occurring  suddenlv 
without  \dsible  bleeding,  warrants  a  provisional  diagnosis  of  interna! 
hemorrhage.  The  term  jactitation  is  used  to  designate  a  high  degree  of 
restlessness.  The  patient  tosses  about  violently;  the  constant  efforts  of 
the  attendants  are  necessary  to  keep  him  in  bed.  Jactitation  occurs  in 
maniacal  delirium,  in  cases  of  violent  chorea,  in  which  it  is  accompanied 
by  coDStant  twitching  of  the  muscies,  as  a  temporary  manifeetatioii  in 
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some  forms  of  hysteria,  and  in  a  high  degree  during  the  stage  of  clonic 
cODvulsions  in  epilepsy. 

Opibthotonos,  predominating  tonic  contraction  of  the  spinul  muscles, 
BO  that  the  body  rests  upon  the  head  and  heels;  emprosthotonos,  or 
bending  forward  of  the  trunk;  pleurothotonos,  arched  lateral  poeture; 


and  oRTHOTONOS,  in  which  the  trunk  and  neck  are  rigidly  extended  iii  u 
strught  line,  are  ali  symptom3  that  occur  in  tetanus  and  in  some  cases  of 
meningitis  and  strychmne  poisoning. 


Attitude. 

The  attitude  and  movements  of  patients  who  are  able  to  be  about 
frequently  convey  important  Information  in  regard  to  their  condition. 
The  young  and  the  strong  carry  themselves  erect  and  walk  briskly  and 
firm)y;  the  aged  and  feeble  and  those  mentBlIy  depressed  are  bowed  and 
move  8low1y  and  with  efFort.  The  convaleecent  from  a  prostrating  disease 
iB  at  first  weak  and  ahaky ;  he  can  scarcely  stand ;  an  hour  in  the  arm-chair 
fatiguea  him.    In  a  little  tirne  he  makes  the  joumey  around  his  room  with 
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sIow  and  uncertain  gait,  and  is  soon  obliged  to  rest.  With  retuming 
strength  comes  the  erect  carriage  and  firmer  step.  Modifications  of  atti- 
tude  and  gait  constitute  characteristic  symptoins  in  many  diseases.  In 
general  they  are  due  to  skeletal  defects,  as  in  caries  of  the  spine,  hip-joint 
disease,  or  ankylosis  of  the  knee;  derangements  of  the  muscular  power  or 
function,  as  in  pseudohypertrophic  muscular  paralysis,  chorea,  and  the 
shaking  palsies;  derangements  of  the  balance  between  antagonistie  muscle 
groups,  as  in  forms  of  spinal  curvature  and  club-foot;  derangements  of 
coordination,  as  in  cerebellar  disease  and  tabes;  forms  of  paralysis,  as  in 
hemiplegia,  anterior  poliomyelitis;  and  contractures,  as  in  the  eross-legged 
progression  of  children  sufifering  from  spastic  paraplegia. 

Station  is  technically  the  ability  to  maintain  the  erect  position  while 
standing.  It  depends  largely  upon  muscular  and  visual  coordination. 
Within  limits  it  is  better  the  wider  the  base  of  support,  hence  the  test  should 
be  made  with  the  feet  parallel  and  the  heels  and  toes  touching,  first  with  the 
eyes  open,  later  with  them  closed.  Hinsdale  found  in  normal  individuals 
of  both  sexes  the  average  oscillation  in  the  above  position,  as  determined 
by  an  instrument  devised  for  the  purpose,  to  be  about  an  inch  in  a  forward 
and  backward  line  and  three-quarters  of  an  inch  laterally.  The  oscilla- 
tion in  children  is  greater  than  that  in  adults.  Upon  closing  the  eyes  it  is 
increased  about  50  per  cent.  In  diseases  characterized  by  impairment  of 
the  power  of  coordination,  as  tabes  and  lesions  of  the  cerebellum,  station 
is  greatly  impaired  and  the  patient  may  be  wholly  unable,  under  the  condi- 
tions  of  the  test  and  with  closed  eyes,  to  keep  his  balance — Romberg^s 
STMPTOM.  During  paroxysms  of  M^ni^re's  disease — aural  vertigo — the 
power  of  standing  in  the  erect  posture  is  wholly  lost.  Astasia  is  a  term 
employed  to  designate  inability  to  stand,  abasia  the  inability  to  walk,  in 
the  absence  of  paralysis.  Astasia-abasia  is  a  syndrome  of  hysteria  in 
which  the  patient  is  unable  to  stand  or  walk  but  can  usually  creep  about 
like  a  child,  upon  the  hands  and  knees. 

The  following  peculiarities  of  attitude  are  to  be  noted: 
In  HEMIPLEGIA  and  paralysis  of  one  leg  the  patient  supports  himself 
almost  entirely  upon  the  sound  leg.  In  chronic  sciatica  the  patient  spares 
the  aflfected  limb  both  in  walking  and  standing  by  fixation  of  the  hip-joint, 
and  in  doing  so  develops  a  scoliosis,  the  spinal  column  showing  a  double 
curvature,  the  lower  convex,  the  upper,  which  is  compensatory,  concave 
toward  the  afifected  side,  the  general  inclination  of  the  body  being 
toward  the  sound  side.  In  paraltsis  agitans  the  attitude  is  characteris- 
tic. The  head  and  upper  part  of  the  body  are  inclined  forward,  the  elbow8 
and  knees  being  slightly  flexed.  The  striking  appearance  of  the  patient  is 
heightened  by  the  expressionless  countenance,  the  tremor,  and  the  move- 
ments  of  the  fingers  and  hands.  In  pseudghtpertrgphic  paraltsis  the 
patient  stands  with  his  feet  separated,  the  belly  protruding,  and  the 
shoulders  thrown  back  as  the  result  of  marked  lordosis.  In  the  sitting 
posture  the  curvature  of  the  spine  is  corrected. 
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Oait. 

In  a  number  of  diseases,  especially  those  affecting  the  nervous  system, 
the  gait  is  much  modified  and  its  peculiarities  often  justify  conclusions 
regarding  both  functional  derangements  and  anatomical  lesions.  The 
foIIowing  sympto matic  gaits  are  frequently  observed: 

The  Paraplegic  Oait. — In  paresis  of  the  lower  extreinities  the  gait 
is  feeble  and  uncertain.  Both  feet  are  slowly  advanced  and  dragged 
upon  the  floor.  The  patient  stumbles  over  trifiing  inequalities  and  eleva- 
tions  of  the  surface.  The  loss  of  power  is  frequently  more  marked  on  one 
side  than  on  the  other.  Crutches  become  necessary  and  at  length  the  loss 
of  power  is  complete.    This  gait  is  seen  in  chronic  myelitis. 

The  Herniplespic  Oait. — When  the  hemiplegic  has  sufficiently  recov- 
ered  to  walk,  the  gait  is  characteristic.  The  sound  limb  is  advanced, 
the  paralyzed  limb  dragged  after  it.  In  other  cases  the  step  of  the  para- 
lyzed  limb  is  accomplished  by  lifting  the  pelvis  and  a  movement  of  cir- 
cumduction.  When  contractures  have  taken  plače  the  affected  arm  is 
rigid,  strongly  flexed  at  the  elbow  and  wrist  and  carried  across  the  body, 
and  the  fingers  and  thumb  are  flexed  upon  the  palm. 

The  Spastic  Oait.  —  In  spastic  paresis  of  the  lower  extreniities 
such  as  occurs  in  forms  of  spinal  paralysis  there  is  peculiar  stififness  of  the 
legs,  which  are  scarcely  bent  at  the  hip-  and  knee-joints,  while  the  thighs 
interfere  with  each  other  by  reason  of  the  contraction  of  the  adductors. 
The  contraction  of  the  gastrocnemii  produces  pes  equinus.  The  patient 
walks  with  two  canes  and  in  stepping  leans  upon  one,  lifting  the  pelvis  of 
the  opposite  side  as  he  steps,  and  dragging  the  foot  in  circumduction. 
In  some  cases  the  contact  of  the  foot  with  the  floor  produces  ankle  clonus 
which  adds  to  the  peculiarity  of  the  gait.  A  modification  of  the  spastic 
gait,  sometimes  seen  in  children,  is  known  as  cross-legged  progression. 
In  consequence  of  the  contraction  of  the  adductors  and  calf  musclee  there 
is  close  circumduction  of  the  knees,  and  in  stepping  the  legs  are  crossed 
and  the  advancing  foot  brought  down  not  only  in  front  of  but  to  the  out- 
side  of  its  fellow. 

The  Steppage  Oait. — In  some  cases  of  peripheral  neuritis  the 
paralysis  of  the  extensors  of  the  feet  causes  a  peculiar  modification  in 
progression.  In  stepping  forward  the  knee  is  strongly  flexed  and  the  foot 
8harply  advanced  in  order  that  the  dragging  toes  may  be  lifted  from  the 
ground;  the  heel  is  brought  down  first  and  the  appearance  is  that  of  a 
person  stepping  over  obstructions. 

The  waddlin^  gait  occurs  in  pseudohypertrophic  muscular  paralysi8 
and  is  not  less  characteristic  than  the  attitude  in  this  disease.  In  con- 
sequence  of  the  lordosis  the  shoulders  are  thrust  back  and  the  belly 
forward,  the  legs  are  separated.  the  feet  raised  slowly  with  the  toes  drop- 
ping,  the  centre  of  gra\dty  being  alternately  shifted  over  the  foot  upon 
which  the  patient  throws  his  weight.  The  manner  in  which  the  child,  after 
lying  down  upon  the  floor,  gets  up  is  especially  characteristic.  He  rolls 
over  upon  the  abdomen,  gets  upon  ali  fours,  and  flrst  extends  the  arms, 
then  the  legs.  The  hands  are  next  drawn  toward  the  legs  until  he  can 
grasp  one  knee  with  the  corresponding  hand.    He  pushes  himself  up  uatiL 
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the  other  knee  can  be  grasped  and  assumes  the  erect  posture  by  gradually 
raising  the  point  of  support  of  the  hand  upon  the  thigh.  Late  in  the  disease, 
when  the  atrophy  involves  the  muscles  of  the  upper  extreimtie8,  it  becomes 
impossible  to  rise. 

The  ataxic  STAit  is  that  of  incoordination  of  the  lower  extreinities. 
It  is  observed  in  its  most  typical  form  in  tabes  dorsalis.  In  stepping  the 
foot  is  raised  higher  than  usual  with  a  jerk  and  rapidly  advanced  with 
an  awkward  and  irregular  movement,  the  toes  slightly  drooping.  It  is 
then  brought  down  with  an  abrupt  stamp  upon  the  heel  or  the  entire  šole. 
Progression  is  irregular  and  it  is  impossible  for  the  patient  to  walk  i^ith 
one  foot  before  the  other,  as  in  following  a  crack  upon  the  floor  or  a  ehalked 
line.  He  walks  with  a  swaying  motion.  The  legs  are  separated  in  order  to 
increase  the  base  of  support,  which  is  further  enlarged  as  the  disease  makes 
progress  by  the  use  first  of  one  cane,  later  of  two.  In  advanced  cases  walk- 
ing  becomes  impossible  without  the  aid  of  one  or  even  two  attendants. 
Finally,  the  power  of  loco motion  is  entirely  lost.  These  8ymptoms  of  im- 
paired  coordination  are  greatly  increased  upon  closing  the  eyes.  Patients 
who  can  go  about  fairly  well  in  daylight  cannot  walk  at  aH  in  the  dark. 

The  ^ait  of  sciatica  derives  its  characteristics  from  muscular  fixation 
of  the  hip-joint  voluntarily  brought  about  to  diminish  pain. 

The  Oalt  in  Chorea. — In  severe  chorea  the  irregular  muscular  con- 
tractions  interfere  greatly  with  ordinary  movements.  The  gait  of  the 
patient  is  often  hopping  or  sliding,  sometimes  it  resembles  the  movements 
of  skating.     In  the  worst  cases  walking  becomes  impossible. 

The  reelins^  or  stas^gerins^  S^ait  is  a  form  of  the  ataxic  gait.  It 
occurs  in  conditions  attended  with  marked  disturbance  of  coordination, 
such  as  drunkenness,  cerebellar  disease,  lesions  of  the  labyrinth,  and  some 
forms  of  paralysis  of  the  muscles  of  the  eye. 

The  Festinatinsf  Oait. — This  modification  of  walking  occurs  in 
paralysis  agitans  and  is  not  less  characteristic  than  the  attitude  in  that 
disease.  The  patient  bends  forward,  the  elbows  are  slightly  abducted 
and  flexed,  the  knees  are  also  flexed,  and  the  patient  walks  with  the  appear- 
ance  of  haste,  as  though  to  overtake  his  advancing  centre  of  gravitv. 
He  cannot  halt  at  once.  The  peculiarity  of  the  gait  is  largely  due  to  stiff- 
ness  and  weakness  of  the  muscles.  The  gait  is  sometimes  described  as 
propulsive.  A  similar  gait  and  inabilitv  to  stop  immediately  sometimes 
8hows  itself  in  exhausted  pedestrians.    Retropulsion  may  occur. 

Posture  and  Movements  of  Infants. 

The  position  and  movements  of  infants  are  of  diagnostic  impor- 
tance.  The  healthv  babv  ušes  its  muscles  and  joints.  Its  postures  are 
active,  its  movements  constant,  and  a  source  of  evident  pleasure.  It 
loves  to  be  fondled  and  plaved  with.  How  different  the  baby  who  is  reallv 
illl  Its  postures  are  passive.  Its  head  drops  and  rolls  from  side  to  side 
\vith  the  motion  of  the  pillow  upon  which  it  rests.  Its  limbs  dangle  heli> 
Iessly,  and  voluntarv  movements  are  slight  and  infrequent.  In  mainy 
febrile  diseases  there  is  cerebral  irritation,  8hown  by  the  drawn  face  and 
liead  pressure  deep  ihto  the  pillow.    In  severe  rickets  there  is  tendenies8 
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of  the  muscles  and  bones,  motion  is  painful  and  therefore  avoided;  in 
infantile  scurvy  a  similar  condition  exists,  and  in  well-developed  cases  the 
attitude  is  almost  diagnostic,  the  child  lying  upon  its  back  with  the  thighs 
and  legs  strongly  flexed,  shunning  aH  movements  and  screaming  with 
fear  if  it  is  approached.  In  cerebrospinal  fever  and  other  forms  of  menin- 
gitis there  is  painful  retraction  of  the  muscles  of  the  back  of  the  neck — 
opisthotonos. 


IV. 

TEMPERATURE;    FEVER;    HYPOTHERMIA;    SIGNIFICANCE    OF 

ABNORMAL    TEMPERATURES. 

TEMPERATURE. 

Variations  in  the  temperature  of  the  body  constitute  symptoms  of 
great  importance  both  in  acute  and  in  chronic  disease.  From  the  earliest 
times  practitioners  estimated  the  heat  of  the  body  by  the  hand  and  thus 
sought  to  determine  the  presence  or  absence  of  fever.  The  introduction 
of  the  clinical  thermometer  into  medical  practice  marked  an  important 
advance  in  modem  medicine.     (See  Part  II,  Clinical  Thermometry.) 

Heat  Mechanism. — The  temperature  of  homothermous  or  warm- 
blooded  animals  is  constant  within  narrow  limits  and  is  not  materially 
influenced  by  changes  in  the  temperature  of  the  medium  in  which  the 
organism  lives.  In  the  human  being  the  amount  of  heat  produced  and 
dissipated  at  different  parts  of  the  body  varies.  The  equilibrium  of  tem- 
perature is  maintained  in  part  by  direct  conduction  but  chiefly  by  the 
circulating  blood  and  lymph.  The  internal  parts  of  the  body  have  never- 
theless  a  higher  temperature  than  the  external  and  some  internal  organs 
are  warmer  than  others.  The  heat  production  is  greater  in  organs  when 
they  are  active  than  when  they  are  at  rest,  and  the  temperature  varies  in 
different  regions  of  the  surface  of  the  body.  The  heat  mechanism  is  made 
up  of  two  factors:  (a)  heat  production  or  thermogenesis,  and  (b)  heat  dis- 
sipation  or  ihermolysis.  Under  normal  conditions  these  two  functions  so 
nearly  balance  that  the  mean  bodily  temperature  is  maintained  within 
very  narrow  limits.  The  regulating  mechanism  is  expressed  by  the  term 
thermotazis.  It  is  obvious  that  thermotaxis  may  be  deranged  by  altcra- 
tions  in  either  thermogenesis  or  thermolysi8. 

Thermogenesis  accompanies  oxidation.  Hence  almost  every  struc- 
ture  of  the  body  may  be  regarded  as  the  source  of  heat.  In  this  respect 
the  skeletal  muscles  and  the  glands  play  the  chief  part.  The  general  ther- 
mogenic  centres  have  been  shown  to  be  in  the  spinal  cord.  Thermogenic 
centres  probably  exist  in  the  caudate  nuclei,  pons,  and  medulla  oblongata; 
excitation  of  these  regions  is  followed  by  a  rise  in  heat  production — punc- 
ture  pyrexia.  They  are  therefore  known  as  thermo-accelerator  centres.  Irri- 
tation  of  the  region  of  the  sulcus  cruciatus  and  at  the  junction  of  the  supra- 
Sylvian  and  post-Sylvian  fissures  in  the  dog  is  followe(l  by  a  decrease  in  heat 
production.    These  centres  are  therefore  known  as  thermo-inhibitory. 
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Thermoltsis  or  heat  dissipation  is  the  result  of  radiation  and  conduc- 
tion  from  the  surface,  of  the  evaporation  of  water  from  the  lungs  and  skin, 
and  of  the  warming  of  the  food,  drink,  and  inspired  air. 

Thermotaxis  or  heat  regulation  is  brought  about  by  reciprocal 
changes  in  heat  production  and  heat  dissipation  through  the  action  of 
cutaneous  impulses  and  of  variations  in  the  temperature  of  the  blood  upon 
the  thermogenic  and  thermolytic  centres.  Thus  in  an  animal  exposed  to 
moderate  oold,  heat  dissipation  is  increased,  but  cutaneous  impulses  are 
generated  which  excite  the  thermogenic  centres  and  heat  production  also 
is  increased,  whereas  an  increase  of  the  temperature  of  the  blood  increases 
the  activity  of  the  thermolytic  process.  In  either  čase  the  temperature  of 
the  body  is  maintained.  Under  abnormal  conditions  this  reciprocal  influ- 
ence  is  deranged. 

Abnormal  thermotaxis  is  a  term  used  to  designate  the  regulation  of 
the  heat  mechanism  under  pathological  conditions  in  which  the  body 
temperature  is  maintained  at  a  range  higher  or  lower  than  that  of  health. 

Under  ordinary  circumstances  the  presence  or  absence  of  hyperther- 
mia  may  be  determined  by  the  hand,  but  this  mode  of  observation  yields 
no  accurate  data  either  for  comparison  or  record.  An  impression  as  to 
the  surface  temperature  is  thus  obtained  but  this  does  not  always  corre- 
spond  with  the  internal  temperature  of  the  body.  During  a  chill  the  tem- 
perature of  the  skin,  in  consequence  of  the  contraction  of  the  arterioles,  is 
in  most  instances  greatly  reduced,  while  the  internal  temperature,  as  deter- 
mined by  the  thermometer,  is  high.  On  the  other  hand,  when  the  skin  is 
active  and  perspiring  and  evaporation  is  prevented  by  the  bed-clothing,  the 
surface  may  feel  hot  to  the  hand  while  the  internal  temperature  remains 
normah  The  normal  axillary  temperature  ranges  about  98.6°  F. — 37°  C. 
It  undergoes  diurnal  oscillations  of  a  degree  to  a  degree  and  a  half,  falling 
to  97.5°-98°  F.  in  the  early  hours  of  the  morning  and  rising  to  99°-99.3°  F. 
toward  evening.  It  is  very  probable  that  this  physiological  oscillation 
is  dependent  upon  the  alternations  of  sleep  and  waking.  Observations 
upon  men  who  have  habitually  slept  during  the  day  and  watched  during 
the  night  have  shown  an  inversion  of  the  curve.  A  slight  physiological 
rise  takes  plače  during  gastric  digestion.  Violent  phvsical  exercise  is  fre- 
quently  followed  by  a  temporary  rise  of  two  or  three  degrees;  this  fact 
mav,  in  part  at  least,  explain  the  elevation  of  temperature  sometimes 
observed  after  a  violent  general  convulsion  and  which  is  very  common  in 
the  status  epiiepticus.  In  children  and  adolescents  the  range  is  somewhat 
higher  than  in  adults  and  also  less  stable,  that  is  to  sav.  the  diurnal  phj-s- 
iological  oscillations  are  slightlv  greater  and  the  sensitiveness  of  the  tem- 
perature to  pathogenic  influences  more  marked. 

Kiefifer  states  that  careful  observation  has  shown  that  permanent 
increase  of  external  heat  in  the  tropics  is  followed  by  a  rise  of  bodily 
temperature  of  .05°  F.  for  everv  degree  of  extemal  heat  above  the 
mean  annual  norm  and  that  as  a  direct  consequence  the  respiratory 
function  is  diminisheil,  the  pulse-frequency  slightlv  decreased,  the  diges- 
tion, appetite,  and  assimUation  unfavorably  affected.  the  functional  activ- 
itv  of  the  skin  greatl}*  increased,  and  the  ner>*ous  s\-8tem  distinctlj 
depressed. 
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In  aged  persons  the  diurnal  temperature  range  in  health  is  slightly 
Iower  and  may  fall  to  97®  F.  (36.1°  C).  In  very  aged  persons,  on  the  other 
hand,  the  range  may  be  as  high  as  in  ehildren. 

The  action  of  prolonged  or  intense  heat  and  cold  upon  the  temperature 
must  be  regarded  as  pathological. 

Abnormal  Temperature. — Variations  in  the  body  temperature  may  be 
plus  to  progressively  higher  ranges,  designated  subfebrile  and  febrile,  the 
latter  comprising  (a)  slight  fever,  (b)  moderate  fever,  (c)  high  fever,  (d) 
hyperpyrexia;  or  minus — subnormal  temperature  and  the  temperature  of 
coUapse. 

The  term  pyrexia  is  used  to  designate  conditions  characterized  by 
elevation  of  temperature;  hyperpyrexia,  those  marked  by  excessively  high 
temperature;  and  apyrexia,  the  absence  of  fever.  Hypothermia  is  the 
term  applied  to  conditions  in  which  the  temperature  is  subnormal. 

FEVER. 

Elevation  of  temperature  alone  does  not  constitute  fever.  Extreme 
transient  rises  of  104®  F.  (40°  C.)  have  been  observed  after  violent,  pro- 
longed gvmnastic  exercises,  and  much  higher  temperatures  in  hysteria, 
in  neither  čase  associated  with  the  other  symptoms  which  enter  into  the 
modern  conception  of  fever.  These  symptoms  are,  in  addition  to  eleva- 
tion of  temperature,  subjective  sensations  of  illness,  cerebral  phenomena, 
weakness,  loss  of  appetite,  thirst,  increased  frequency  of  pulse  and  respi- 
ration,  altered  urine,  and  derangements  in  nutrition  which  cause  wasting 
of  the  body.  It  is  furthermore  essential  to  our  conception  of  fever  and 
necessary  to  the  complete  manifestation  of  the  symptom-complex  that 
the  process  should  occupy  a  certain  time.  There  are,  however,  febrile 
periods  of  minimal  duration,  as  for  example  in  the  course  of  the  ague 
paroxysm,  in  which  most  of  the  objective  symptoms  occur  or  in  which,  if 
the  paroxysm  is  repeated  for  some  time  at  quotidian  or  tertian  intervals, 
aH  of  them,  including  wasting  of  the  body,  are  manifest.  On  the  other  hand, 
the  acute  febrile  infectious  diseases  usually  run  a  self-limited  course,  meas- 
ured  by  days  or  weeks;  again,  in  certain  of  the  chronic  infections,  ad  forms 
of  tuberculosis,  there  may  be  fever  every  day  for  months.  Nor  are  these 
symptoms  altogether  dependent  upon  or  caused  by  the  elevation  of  tem- 
perature, as  is  shown  by  the  fact  that  artificial  over-heating  of  the  body 
produces  certain  of  them  but  not  ali,  that  in  dififerent  diseases  their  in- 
tensity  by  no  means  corresponds  to  the  degree  of  the  temperature,  and 
that  marked  falls  of  temperature  can  occur  either  spontaneou8ly  or  as  the 
result  of  antipyretic  treatment  without  a  corresponding  amelioration  in 
other  respects.  Elevation  of  temperature  is  nevertheless  a  constant  and 
essential  element  in  the  condition  known  as  fever  and  in  certain  cases 
dominates  the  clinical  picture.  In  a  majority  of  instances,  however,  the 
associated  conditions  constitute  a  much  more  important  measure  of  the 
gravity  of  the  čase  than  the  range  of  temperature. 

Causes  of  Fever. — It  is  evident  that  the  causes  of  fever  act  through 
the  nervous  system  and  thus  producc  derangements  of  the  heat-regulating 
function.    At  the  same  time  they  also  produce  deraii^icv^\i\;&  c&Nkv^TL^^Tc^i^ 
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tiesue  changea  with  increased  osjrialiofi  and  heat  production.  They  con- 
sist  of  Boltible  toxic  substances  circulating  in  the  bluud  and  are,  (a)  tbe 
result  of  infection  by  micro-orgaiiiama,  whieh  may  be  general  or  local,  or 
(b)  the  result  of  intoxicatioii,  which  may  arise  withiii  the  body  itself  from 
faulty  metabolism  or  be  introdueed  from  without,  as  in  food  poisoning. 
In  cases  of  infection  with  profound  nutritive  disturbances  toxins  derived 
from  both  these  sourcea  are  preaent.  In  either  event,  whether  the  fever- 
producing  agent  be  a  toxin  produced  by  the  growth  and  development  of 
micro-organiams  or  an  albumose,  ferment.orptomaine  produced  by  faulty 
celi  raetamorphosis  within  the  organa  or  tissuea  themselvea,  the  condition 
constitutes  a  tox£emia. 

Sapnemia  is  an  infection  of  the  blood  by  putrefactive  products. 

It  ia  probable  that  in  the  rare  casea  of  fever  attributed  to  intense 
emotion,  as  fright,  or  to  violent  pain  or  peripheral  irritation,  the  rise  of 
temperature  is  caiised  by  the  sudden  derangement  of  phyaiologicaI  processea, 
with  the  production  of  toxins,  rather  than  by  direct  action  upon  the  heat- 
regulating  processea,  and  that  in  manv,  though  not  ali,  of  the  cases  of  cere- 
bral  diaease  accompanied  by  fever,  as  thrombosis,  hemorrhage,  and  tumor, 
the  elevation  of  temperature  is  due  to  local  infection  rather  than  to  implica- 
tion  of  the  heat  centrra,  while  the  Bymptom-complex  and  the  condition  of 
the  blood  in  sunstroke  render  it  highly  probable  that  the  elevation  of  tem- 
perature is  due  not  so  much  to  the  direct  effect  of  heat  upon  the  nervoua 
svatem  as  to  toxic  aubatancea  generated  by  the  action  of  heat  upon  the 
tisaues  of  the  body  and  especially  iipun  the  niuaeles.  It  Is  thus  seen  that 
inany  different  pathogenic  principles  developed  within  the  body  or  intro- 
dueed from  without  are  directly  or  indirectly  capable  of  producing  the 
reaction  which  we  deaignate  by  the  term  fever. 

Symptonis  ot  Fever.^Theae  subatancea  not  only  cause  elevation  of 
temperature  and  more  or  lesa  marked  diaturbances  of  nutrition  but  they 
alao  produoe  subjective  sensations  of  lUness  and  cerebral  symptoms,  such 
as  headache,  somnolence,  stupor,  and,  in  grave  casea,  coma  and  delirium, 
which  may  be  mild  and  wandering  or  active  and  maniacal.  Among  the 
effects  produced  upon  the  nervoiis  8y3teni  must  be  incluUed  the  profound 
sensation  of  weakness  often  present  in  the  early  stages  of  febrile  diseases 
and  which  bears  no  direct  relation  to  the  inability  to  take  food  or  to  the 
wasting  of  the  tissues  of  the  body  which  occurs  later.  They  produoe  de- 
rangenients  of  the  normal  aecretions,  which  are  manifested  on  the  part  of 
the  skin  by  dryne8s  and  heat  or,  in  some  casea,  and  especially  at  the  time  of 
defervescence,  by  profuse,  even  colIiquative  8weating,  on  the  part  of  the 
gaatro-intestinal  tract  by  thirst,  losa  of  appetite,  dry,  fiirred  tongue,  im- 
paired  digestion,  and  constipation,  and  on  the  part  of  the  urinary  appa- 
ratus  by  scanty,  high-colored  urine  of  increased  specific  gravity. 

Pulse  In  Fever. — Derangement  of  the  pul3e-frequency  is  a  constant 
phenomenon  of  fever.  To  w-hat  extent  it  ia  due  to  elevation  of  the  tem- 
perature^and  to  what  extent  to  the  action  of  fever- producing  toxins  upon 
the  nervoua  svstem  cannot  be  determined.  In  alniost  aH  casea  of  fever 
there  ia  an  acceleration  of  the  pulse-rate,  the  frequency  of  which  usualty 
corresponda  to  the  intensity  of  the  fever,  Liebermeister  found  thatfor 
every  degree  centigrade  [1.8"  Y.)  o(  elevation  of  temperature  alx)ve  tbe 
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norma)  there  is  an  increase  of  eight  beats  of  the  pulse.  Tbia  paraltelism 
betweeii  the  temperature  and  pulse  may  be  regarded  aa  relatively  favor- 
ftble,  wherea3  a  greatly  increased  pul3e-frequency  indicates  eerious  caidiac 
or  vasoraotor  diaturbance  and  is  of  unfavorable  prognostic  significance. 
A  pulse-rate  of  140-160  in  the  adult  while  resting  qiiietly  in  bed  13  in  itself 
a  very  serioua  syniptom.  The  pul3e-trequency  in  children  siiffering  frora 
febrite  diseasea  is  relatively  high.  In  phthisis  with  moderate  fever  or  even 
ia  the  absence  of  fever  there  is  commonly  a  quickened  pulse.  There  are 
cases  in  which,  notvvithstanding  marked  elevatlon  of  temperature,  the  pulse- 
rate  remaina  Iow.  This'  departure  from  the  ordinary  parallelism  is  of 
diagnostic  importance.  High  temperatures  with  8low  pulse  are  observed 
in  casea  of  cerebral  disease  in  wh!ch  there  is  pressure  at  the  base,  as  tuber- 
culous  meningitis,  in  yellow  fever,  and  in  febrile  diaeases  in  individuals 
suffering  from  cardiac  lesions  attended  by  diminished  pulse-freqtteney,  as 
sclerosis  of  the  coronary  arteries  and  myocarditia.  It  ia  to  some  extent 
characteristic  of  enteric  fever  that  the  pulae-freqiiency  is  moderate  as 
compared  with  the  elevation  of  temperature,  and  this  want  of  correspond- 
ence  is  of  importance  in  the  differential  diagnosis  between  enteric  fever 
and  acute  miliary  tuberculosis  or  septic^mia,  in  both  of  \vhich  the  pulse- 
rate  is  high. 

Respiratlon  In  Fever.  —  Increased  frequency  of  respiration  occurs  in 
almost  ali  cases  of  fever.  That  this  phenomenon  is  in  part  due  to  the 
stimulating  effe.ct  of  the  heated  blood  upon  the  respiratory  centre  has  been 
8hown  experimentally;  exposure  to  artificial  heat  increases  the  freqitency 
of  breathing.  That  it  is  alao  in  part  dne  to  the  direct  action  of  the  fever- 
producing  toxina  upon  the  reapiratory  centre  is  rendered  probable  by  the 
(act  that  the  acceleration  of  breathing  bears  no  direct  ratio  to  the  elevation 
of  temperature  but  varies  greatly  at  the  sasie  temperature  in  diSerent  dis 
eaaes.  It  is  a  matter  of  expenence  that  cases  of  febrile  disease  in  which,  in 
the  absence  of  complications  on  the  part  of  the  re8piratory  organa,  the  res- 
piration frequency  is  greatly  increased  are  almost  always  of  grave  import. 

Eniaclatlon.^Wasting  accompames  fever.  Even  in  febrile  attacka  of 
moderate  duration  the  loss  of  flesh  may  be  marked;  in  prolonged  fevera 
emaciation  may  be  extreme.  The  blood  undergoes  analogoua  changes, 
the  patient  becomes  antemic,  and  the  lo8s  of  flesh  at  the  close  of  a  prolonged 
fever  is  not  more  striking  than  the  pallor.  A  decrease  in  the  number  of  the 
erythrocytes  accompanies  ali  casea  of  pyrexia,  but  requires  some  tirne  to 
become  manifest.    There  is  progressive  loss  of  the  albumins  of  the  plasma. 

Pyrexla  a  Symptom. — The  clinical  significance  of  fever  would  be  much 
less  important  were  it  not  for  the  fact  that  the  febrile  movement,  in  ita 
mode  of  onaet,  intensity,  courae,  and  decline,  bears  a  relatjon  to  the  partic- 
ular  niorbid  condition  in  which  it  occurs,  frequently  defimte  and  alway8 


Until  recently  much  stress  wa3  laid  upon  the  distinction  between  symp- 
tomatic  fever  and  essential  or  idiopathic  fever.  The  former  was  regarded 
as  a  manifestation  of  some  local  malady,  the  latter  as  constituting  the 
actual  diaease.  The  stimulus  given  to  the  study  of  causes  by  the  science 
of  bacteriology  haa  Bhown  that  this  distinction  is  more  apparent  than  rea) 
and  that  in  the  hght  of  modem  pathology  pyrexia  ia  alway3  a  syniptom 
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tissue  changes  with  increased  oxidation  and  heat  production.  They  con- 
sist  of  soluble  toxic  substances  circulating  in  the  blood  and  are,  (a)  the 
result  of  infection  by  micro-organisms,  which  may  be  general  or  local,  or 
(b)  the  result  of  intoxication,  which  may  arise  within  the  body  itself  from 
faulty  metabolism  or  be  introduced  from  without,  as  in  food  poisoning. 
In  cases  of  infection  with  profound  nutritive  disturbances  toxins  derived 
from  both  these  sources  are  present.  In  either  event,  whether  the  fever- 
producing  agent  be  a  toxin  produced  by  the  growth  and  development  of 
micro-organisms  or  an  albumose,  ferment,  or  ptomaine  produced  by  faulty 
celi  metamorphosis  within  the  organs  or  tissues  themselves,  the  condition 
constitutes  a  tox8emia. 

Saprsemia  is  an  infection  of  the  blood  by  putrefactive  products. 

It  is  probable  that  in  the  rare  cases  of  fever  attributed  to  intense 
emotion,  as  fright,  or  to  violent  pain  or  peripheral  irritation,  the  rise  of 
temperature  is  caused  by  the  sudden  derangement  of  physiological  processes, 
with  the  production  of  toxins,  rather  than  by  direct  action  upon  the  heat- 
regulating  processes,  and  that  in  many,  though  not  ali,  of  the  cases  of  cere- 
bral  disease  accompanied  by  fever,  as  thrombosis,  hemorrhage,  and  tumor, 
the  elevation  of  temperature  is  due  to  local  infection  rather  than  to  implica- 
tion  of  the  heat  centres,  while  the  symptom-complex  and  the  condition  of 
the  blood  in  sunstroke  render  it  higlJy  probable  that  the  elevation  of  tem- 
perature is  due  not  so  much  to  the  direct  effect  of  heat  upon  the  nervous 
8ystem  as  to  toxic  substances  generated  by  the  action  of  heat  upon  the 
tissues  of  the  body  and  especially  upon  the  muscles.  It  is  thus  seen  that 
many  dififerent  pathogenic  principles  developed  within  the  body  or  intro- 
duced from  ^^athout  are  directly  or  indirectly  capable  of  producing  the 
reaction  which  we  designate  by  the  term  fever. 

Syinptoins  ol  Fever. — These  substances  not  only  cause  elevation  of 
temperature  and  more  or  less  marked  disturbances  of  nutrition  but  they 
also  produce  subjective  sensations  of  illness  and  cerebral  8ymptom8,  sueh 
as  headache,  somnolence,  stupor,  and,  in  grave  cases,  coma  and  delirium, 
which  may  he  miki  and  wandering  or  active  and  maniacal.  Among  the 
effects  produced  upon  the  nervous  system  must  be  inciuded  the  profound 
sensation  of  \veakness  often  present  in  the  earlv  stages  of  febrile  diseases 
and  \vhich  bears  no  direct  relation  to  the  inabilitv  to  take  food  or  to  the 
wasting  of  the  tissues  of  the  bodv  which  occurs  later.  They  produce  de- 
rangements  of  the  normal  secretions,  which  are  manifested  on  the  part  of 
the  skin  bv  drvness  and  heat  or,  in  some  cases,  and  especially  at  the  time  of 
defervescence,  by  pn>fuse,  even  colliquative  sweating,  on  the  part  of  the 
ga:5tro-intestinal  tract  by  thirst.  loss  of  appetite,  dry,  fiured  tongue,  im- 
paireil  digestion.  and  constipation,  and  on  the  part  of  the  urinary  appa- 
ratus  by  scantv.  high-coloreil  urine  of  increased  specific  gravity. 

Pulse  in  Fever. — Derangement  of  the  pulse-frequency  is  a  constant 
phenomenon  of  fever.  To  what  extent  it  is  due  to  elevation  of  the  tem- 
peraturo.anil  to  what  extent  to  the  action  of  fever-producing  tosins  upon 
the  nervous  svstem  cannot  he  determineii.  In  almost  ali  cases  of  fever 
there  is  an  acceleration  of  the  pulse-rate,  the  frequency  of  which  usuallv 
corresponds  to  the  intensitv  of  the  fever.  Liebermeister  found  thmifor 
erer}^  degree  cen tigrade  (1.8**  F.)  of  elevation  of  temperature  above  ihe 
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norma!  there  is  an  increase  of  eight  beats  of  the  pulse.  This  parallelism 
between  the  temperature  and  pulse  may  be  regarded  as  relatively  favor- 
able,  whereas  a  greatly  increased  piilse-frequency  indicates  serious  caidiac 
or  vasomotor  disturbance  and  is  of  unfavorable  prognostic  significance. 
A  pulse-rate  of  140-160  in  the  adult  while  resting  quietly  in  bed  is  in  itself 
a  very  serious  symptom.  The  pulse-frequency  in  children  sufifering  from 
febrile  diseases  is  relatively  high.  In  phthisis  with  moderate  fever  or  even 
in  the  absence  of  fever  there  is  commonly  a  quickened  pulse.  There  are 
cases  in  which,  notwithstanding  marked  elevation  of  temperature,  the  pulse- 
rate  remains  low.  This*  departure  from  the  ordinary  parallelism  is  of 
diagnostic  importance.  High  temperatures  with  slow  pulse  are  observed 
in  cases  of  cerebral  disease  in  which  there  is  pressure  at  the  base,  as  tuber- 
culous  meningitis,  in  yellow  fever,  and  in  febrile  diseases  in  individuals 
suffering  from  cardiae  lesions  attended  by  diminished  pulse-frequency,  as 
sclerosis  of  the  coronary  arteries  and  myocarditis.  It  is  to  some  extent 
characteristic  of  enteric  fever  that  the  pulse-frequency  is  moderate  as 
compared  with  the  elevation  of  temperature,  and  this  want  of  correspond" 
ence  is  of  importance  in  the  differential  diagnosis  between  enteric  fever 
and  acute  miliary  tuberculosis  or  septicsemia,  in  both  of  which  the  pulse- 
rate  is  high. 

Respiration  in  Fever. — Increased  frequency  of  respiration  occurs  in 
almost  ali  cases  of  fever.  That  this  phenomenon  is  in  part  due  to  the 
stimulating  effe.ct  of  the  heated  blood  upon  the  respiratory  centre  has  been 
8hown  experimentally;  exposure  to  artificial  heat  increases  the  frequency 
of  breathing.  That  it  is  also  in  part  due  to  the  direct  action  of  the  fever- 
producing  toxins  upon  the  respiratory  centre  is  rendered  probable  by  the 
lact  that  the  acceleration  of  breathing  bears  no  direct  ratio  to  the  elevation 
of  temperature  but  varies  greatly  at  the  same  temperature  in  dififerent  dis 
eases.  It  is  a  matter  of  experience  that  cases  of  febrile  disease  in  which,  in 
the  absence  of  complications  on  the  part  of  the  respiratory  organs,  the  res- 
piration frequency  is  greatly  increased  are  almost  always  of  grave  import. 

Emaciatlon. — Wasting  accompanies  fever.  Even  in  febrile  attacks  of 
moderate  duration  the  loss  of  flesh  may  be  marked;  in  prolonged  fevers 
emaciation  may  be  extreme.  The  blood  undergoes  analogous  changes, 
the  patient  becomes  anaemic,  and  the  loss  of  flesh  at  the  close  of  a  prolonged 
fever  is  not  more  striking  than  the  pallor.  A  decrease  in  the  number  of  the 
erythrocytes  accompanies  ali  cases  of  pyrexia,  but  requires  some  time  to 
become  manifest.    There  is  progressive  loss  of  the  albumins  of  the  plasma. 

Pyrexia  a  Symptoiii. — The  clinical  significance  of  fever  would  be  much 
less  important  were  it  not  for  the  fact  that  the  febrile  movement,  in  its 
mode  of  onset,  intensity,  course,  and  decline,  bears  a  relation  to  the  partic- 
ular  morbid  condition  in  which  it  occurs,  frequently  definite  and  always 
suggestive. 

Until  recently  much  stress  was  laid  upon  the  distinction  between  symp- 
tomatic  fever  and  essential  or  idiopathic  fever.  The  former  was  regarded 
as  a  manifestation  of  some  local  malady,  the  latter  as  constituting  the 
actual  disease.  The  stimulus  given  to  the  study  of  causes  by  the  science 
of  bacteriology  has  shown  that  this  distinction  is  more  apparent  than  rea) 
and  that  in  the  light  of  modern  pathology  pyrexia  ia  alwaYc^  ^  ^^tcc^\;cycfiL 
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Idiopathic  Fever. — Nevertheless  there  is  a  group  of  acute  infectious 
diseases  in  which  fever  is  not  only  constantly  present  but  also  the  most 
conspicuous  symptom,  and  in  which  the  morbid  process  is  literally  coex- 
tensive  with  the  febrile  movement,  which  is  self-limited,  the  illness  begin- 
ning  with  the  rise  of  temperature  and  the  convaleseence  setting  in  with 
defervescence.  This  group  constitutes  the  idiopathic  fevers  or,  more 
simply,  the  fevers. 

Varieties. — Subdivisions,  arranged  according  to  the  course  of  the 
febrile  movement,  are  (a)  the  continued  fevers,  as  influenza  and  enteric 
fever,  and  (b)  the  periodical  (malarial)  fevers,  as  intermittent,  remittent, 
and  pernicious  fever.  In  some  of  the  continued  fevers  other  symptom8, 
as  eruptions,  are  no  less  constant  or  characteristic  than  the  course  of  the 
fever, — a  fact  which  led  to  the  establishment  of  a  further  subdi\ision 
upon  an  entirely  dififerent  basis  of  classification,  which  comprises  the 
EXANTHEMATA  OR  THE  ERUPTivE  FEVERS.  Furthermore,  in  certain  of  the 
diseases  which  are  regarded  as  continued  fevers,  a  characteristic  periodicity 
occurs,  or  the  course  of  the  disease  is  interrupted  by  periods  of  apyrexia  of 
considerable  duration,  an  example  of  which  is  relapsing  fever,  whereas  in 
the  periodical  fevers,  strictly  so-called,  namely,  the  malarial  infections, 
there  are  certain  cases  in  which  the  febrile  movement  lacks  distinct  peri- 
odicity — continued  malarial  fever — or  is  absent  altogether — malarial 
infection  without  fever.  On  the  other  hand  there  is  a  large  group  of  diseases 
that  has  nothing  to  do  with  malaria  in  which  the  occurrence  of  febrile 
paroxysms,  separated  by  very  definite  periods  of  apyrexia,  in  other  words, 
distinct  periodicity,  is  characteristic — for  example,  the  hectic  fever  of 
pulmonary  tuberculosis,  hepatic  fever,  urethral  fever,  and  the  fever  in  some 
cases  of  malignant  endocarditis.  Finally,  there  are  local  and  general  in- 
fections  in  which  the  symptom  fever  is  inconstant  and  irregular.  For  these 
and  other  reasons,  the  principal  of  which  is  that  fever  is  always  sympto- 
matic  and  never  of  itself  an  actual  disease,  the  distinction  between  8ymp- 
tomatic  fever  and  essential  or  idiopathic  fever  has  been  abandoned — a  long 
step  in  the  direction  of  a  scientific  or  etiological  basis  for  the  classification 
of  diseases.  Terms  and  phrases  that  have  long  lost  their  original  significance 
remain  to  encumber  the  literature  and  embarrass  the  study  of  medicine 
and  the  period  is  remote  when  we  shall  cease  to  speak  of  scarlet  fever  or 
yellow  fever. 

Type  in  Fever. — Type  is  a  term  loosely  used  to  indicate  the  intensity 
of  fever.  Thus  we  speak  of  fever  of  mild  type  or  fever  of  grave  type.  It  is 
applied  more  accurately  to  the  course  or  range  of  the  temperature  as  de- 
picted  upon  clinical  charts.  There  are  three  principal  types  of  fever:  (a) 
the  CONTINUED,  in  which  the  hmits  of  the  diurnal  range  do  not  usually 
exceed  1.8®  F.  (1®  C),  the  fall  occurring  in  the  morning,  the  rise  in  the 
evening.  This  is  about  the  measure  of  the  diurnal  oscillation  in  health. 
There  is,  therefore,  a  parallelism  between  the  temperature  of  health  and 
fever  of  the  continued  type,  the  latter  being  elevated  two  or  more  degrees 
above  the  former  and  fluctuating  in  harmony  with  it.  Since  the  tempera- 
ture range  upon  the  chart  is  represented  not  by  a  straight  but  by  a  curved 
line  8howiag  the  diurnal  oscillations  it  is  better  to  deseribe  this  as  the 
BUBCONTiNUous  type.    Fever  of  this  tjrpe  is  characteristic  of  the  f astiglum 
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of  uDcomplicated  enteric  fever.  (b)  The  bemittent  type,  cbaracterized  by 
falls  of  several  degrees  in  the  temperature,  which  does  not,  however,  reach 
tbe  normal.  The  remissions  may  take  plače  at  any  hour  of  tbe  day  and  are 
often  accompanied  by  free  8weating.  They  are  foUowed  in  the  courae  of  a 
few  hours  by  exacerbatioii8  of  greater  or  lesa  extent.  There  is  no  parallelism 
between  fever  of  this  type  and  the  normal  temperature  range.  Thia  is  the 
type  seen  in  some  forma  of  estivo-autumnal  malaria  and  in  septic  condi- 
tions.    (c)  The  intbrmittent  type,  cbaracterized  by  a  fall  of  temperature 


Fio.  189.— Feroroti 


from  febrile  ranges  to  the  normal  or  below  it,  a  period  of  apyrexia  of  vari- 
able  duration,  and  the  recurrence  of  fever,  The  febrite  paroxysms  are  of 
short  duration  as  compared  with  the  intermissioTi  and  commonly  l)egin 
with  a  chill  and  terminate  in  profuse  sweating.  During  the  intermission 
the  patient  usually  feels  fairly  comfortable  or  quite  well.  Fever  of  this 
type  occurs  in  malaria.  The  repetition  of  the  paroxysm8  may  extend 
over  a  considerable  time.  Intermittent  fever  in  wbich  the  paroxysm  recurs 
daily  ia  known  aa  quotidian;  when  the  paroxysm  recurs  upon  the  tbird 
day,  including  the  day  of  onaet,  it  is  tertian;  when  it  recurs  upon  the  fourth 
day,  guartan.  The  paroxysma  m8y  occur  at  any  period  of  the  day  and 
uauaUy  at  the  same  hour.  In  malaria  they  ordinarily  recur  in  the  for&- 
Doon,  in  hectic  fever  in  the  aftemoon.    (d)  Th£  itfvciiai *rtv^.  'WA\ftnfii- 
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perature  in  fevcr  of  the  contioued  type  and  in  n)aiiy  cases  of  the  remit- 
tent  type  undergoea  diurnal  osciUations  of  wider  excur8U8  than  those  of 
healtb  but  corresponding  to  them  in  Ume.  That  is,  the  remission  occura 
in  the  early  morning  hours,  the  exacerbation  toward  evening.  In  excep- 
tional  cases  the  remission  takes  plače  in  the  evening  and  the  exacerbation 
in  the  moming — inverse  type,  Fevcr  of  this  type  occa8ionslIy  occurs  in 
tuberculosis  and  in  rare  instances  in  enteric  fever. 


Fia.  18S. — Temponture  ot  invoM  ^pik 


Atyplcal  Pever. — In  mBny  febrile  diseases  the  temperature  range  is 
altogether  irregular.  This  is  e3pecially  the  čase  in  diseases  in  which  the 
aymptoms  in  general  are  irregular  or  atypical,  as  diphtheria  and  the  va- 
rioua  septic  infections. 

The  Type  ot  Fever  In  Partlcular  DtseMes. — Wany  of  the  febrile  infec- 
tions have  a  characteristic  temperature  range.  The  febrile  movement  in 
uncomplicatcd  cases  on  the  one  hand  is  seJf-limitcii  and  on  the  other  tinder- 
goes  definite  modificationa  at  different  stages  in  Ihe  course  of  the  affection 
and  upon  the  occurrencc  of  special  manifestations,  as  the  appearance  ol  ao 
eruption.  In  a  more  narrow  sense  the  temperature  range  in  »uch  diseases 
is  said  to  be  typical  or  to  conform  to  type.  It  is  to  be  borne  in  mind, 
however,  that  marked  departures  from  type  may  occur  in  con8equence  of 
variatioBs  in  the  inten8ity  of  the  Infection,  peculiarities  on  the  pwt  of  the 
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individual,  the  occutrence  of  complications,  and  from  the  action  of  druga. 
The  type  of  fever,  both  as  regards  the  daily  range  and  the  temperature 
curve  throughout  the  course  of  the  attack,  constitutea  a  valuable  aid  to  diag- 
nosiš,  and  is  alway8  to  be  taken  into  consideration.  It  is  rarely  possible, 
however,  to  make  a  diagnosis  from  the  temperature  alone,  nor  is  it  desirable. 
In  connection  with  the  temperature  we  must  consider  the  other  symptom3 
and  signs,   the  surrounding  circumstances,  and  the  previous  treatment. 

la  well-de  velo  ped  cases,  unmodified  by 
compltcation  or  treatment,  the  temperature 
curve  may  be  said  to  be  characteristic  in 
the  foUowing  diseases:  tertian  and  quartan 
malaria,  enteric  fever,  typhu3  fever,  relaps- 
ing  fever,  and  croupous  pneumonia.  It  con- 
forms  in  a  general  way  to  type,  but  less 
closely,in  searlatina,  measles,  eryBipelas,  and 
the  variolouB  diseases.  It  is  variable  and 
atypical  in  cerebrospinal  fever,  rheumatic 
fevra-,  endocarditis,  and  the  septic  infections, 

Stages. — The  course  of  the  attack  may 
be  divided  into  (a)  the  stage  of  prodromes, 
(b)  the  onset  or  stage  of  invasion,  (c)  the 
fastigium,  and  (d)  the  defervescence  or  stage 
of  decline.  In  typical  caaea  of  the  difTerent 
febrile  diseases  each  of  these  periods  has  a 
definite  duration  and  a  characteristic  curve 
upon  the  temperature  chart. 

(a)  The  Stat«  of  Prodromes.  — Thia  pe- 
riod is  usua11y  marked  by  vague  feelings  of 
discomfort,  lasaitude,  pain  in  the  back,  un- 
sound  Bleep,  and  feverishness,  the  tempera- 
ture reaching  subfebrile  or  even  mild  febrile 
elevations  in  the  later  part  of  the  day.  These 
8ymptom8  are  often  absent.    Prodromes  usu- 

ally  occur  in  diseases  of  gradual   develop-  'hodi'ciiy."""    ' '~' 

ment.     They  are  common  in  enteric  fever. 

(b)  The  Onset  or  State  of  Invasion. — The  rise  of  temperature  may  be 
gradual  or  abrupt.  Wheii  gradual  the  evening  exacerbations  exceed  the 
morning  remissions  in  such  a  way  that  the  temperature  rises  progrea8iveiy 
to  the  fastigium  or  acme.  Under  these  circumstances  the  stage  of  invasion 
may  oecupy  a  period  of  several  days,  aa  in  enteric  fever.  Wheii  abrupt  the 
acme  is  reached  at  once  or  in  the  courae  of  a  few  hours,  as  in  acarlet  fever, 
influenza,  or  croupoua  pneumonia.  The  onset  is  vory  often  attended  by 
chilliness  or  a  chill.  Thia  aymptom  may  vary  in  intensity  from  transient 
eenaations  of  eold,  with  ahivering,  pallor,  and  slight  cyanosis  of  the  hps  and 
finger-tips,  to  a  severe  and  prolonged  chill  or  rigor,  with  violent  shaking  or 
tremor  of  the  whole  body,  ehattering  teeth,  cold  extremities,  and  marked 
cyanosiB.  The  temperature  of  the  surface  of  the  body  is  much  reduced  and 
the  patient  experiences  a  seneation  of  extreme  cold,  whereas  the  internal 
temperature,  taken  in  the  rectum,  is  high,  lOi^-lOT"  F.  l^~Vt?  Z^.  "VN«. 
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violence  of  the  chiU  commonly  corresponds  with  tbe  abruptness  of  tbe  onset. 
The  insidious  and  gradual  invasion  of  enteric  fever  is  not  often  attended  by 
chills.  The  abrupt  onset  of  croupous  pneumonia  very  frequently  manifeets 
itself  by  a  prolonged  chill  of  great  severity,  occuiring  witbout  warning  in 
a  condition  of  apparent  health.  The  chill  which  uehers  in  the  febrile  par- 
oxysni  or  ague  fit  of  maiaria  is  intense  and  prolonged,  and  tbe  congestive 
chill  of  the  algid  varietyof  pernicious  eativo-Butumnal  malaria  niay  termi- 
nale in  death.  Chills  occurring  later  in  tbe  attack  niay  mark  tbe  develop- 
ment  of  an  intercurrent  disease,  as  croupous  pneumonia  in  the  course  of 
enteric  fever.  The  chills  of  malignant  endocarditis  cannot  be  distinguished 
froni  the  ague  paroxy8in,  the  reaemblance  to  whicb  is  frequently  heightened 
by  a  regular  periodicity.  Ague-like  chills  occur  in  aome  cases  of  phthieis 
and  are  common  in  local  suppurations  with  pent-up  pus,  cbolelithiasis,  and 
septic  and  other  conditions  attended  by  fever  of  intermittent  type. 
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FiQ.  I8T. — Tempermture  tfirn  ia  tuttne  ftvtt. 

Tbe  perturbation  uf  the  nervous  8ystem,  wbich  is  manifested  in  the 
atliilt  as  a  chill.  mav  show  itself  in  tbe  child  as  a  convulsion,  sudden  stiipor, 
or  verv  rarclv  as  an  outbrenk  of  delirium.  In  the  adult  the  onset  of  an 
nciite  febrile  infection  mav  be  marked  by  sudden  maniacal  delirium  and 
patients  developing  pneumonia  or  enteric  fever  have  la  some  instances 
been  rogarded  as  insane  and  committcd  to  an  a^ivlura. 

Tbe  chill  nhich  attemls  the  general  or  local  infections  and  wbicb  is  of 
varying  inteiisitv  must  be  distinguisbed  from  tbe  so-called  ner\'oiis  chill 
wbicb  sonietimes  ucciirs  in  persons  of  neurotic  constittition  under  condi- 
tions of  excitement,  intense  pain.  moilerateshock,  or  great  fatigue.  Under 
siieh  circumstances  there  mav  be  trembling  and  agitation.  but  the  pulse 
reniains  gooil.  the  nornial  color  is  preserved,  and  tbe  thermometer  does  oot 
8how  a  rise  in  temperature. 

(c)  Tb«  Fastlsliiiii  or  Acme. — Fastigium  is  literaUy  the  summit  or 
ridge  of  a  building.  Tbe  temperature  range  in  the  continued  feven  »faowB 
diurnal  remissions  and  eiacerbatioos  corresponding  to  those  of  beatth,  but 
Bomewhat  gre&ter,    The  elev»tion  above  tb«  normal  diffos  in  i"~ 
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diseases  snd  in  difTerent  cases  of  the  same  disease.  In  croupous  pneumonia 
and  in  typhus  and  relapsing  fevers  tbe  elevation  ia  high.  In  many  cases  of 
enteric  fever  it  ia  nioderate,  A  parallelism  with  the  temperature  of  health 
is  to  some  extent  mointained  in  the  continued  fevers.  This  parallelism 
may,  however,  be  intecrupted  by  accidents,  as  hemorrhage  or  perforation 
in  enteric  fever,  coraplications,  as  empyema  in  pneumonia,  the  occurrence 
of  paeudocrises,  the  action  of  antipyretic  druga,  or  the  external  applicn- 
tiou  of  cold  by  means  of  baths  or  otherwiae.     In  the  periodical  fevers  the 
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diurnal  range  is  much  greater  than  in  healtli.  The  term  acme  ia  used  to 
indic&te  the  summit  of  the  range  when  the  febrilc  niuvement  is  transient, 
as  in  influenza  or  the  ague  pan)\ysm. 

An  abundant  hemorrhage  from  any  surface,  es])ecially  intestinal  hem- 
orrhage in  enteric  fever,  cauaes  an  abrupt  fall  of  the  temperature  to  normal 
or  below  it.  The  shock  of  perforation  ia  likewise  accompanied  by  a  fall  of 
severa!  degrecs. 

A  normal  temperature  in  the  courae  of  fever  may  thus  assume  the 
ngnificance  of  an  abnormal  temperature. 

In  abortive  cases  of  enteric  fever,  capecially  in  children,  the  defer- 
veecence  is  often  critical.  Intercurrent  diseases  and  complications  may 
eause  a  rise  above  the  range  of  the  fasti^um. 
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(d)  The  Defervescence  or  Slage  of  Decltne. — The  fall  of  temperature 

may  be  abrupt,  or  gradual.  The  former  is  knowa  as  criais  or  critiail  defer- 
cescence,  the  latter  as  lysis.  The  abrupt  fall  in  crisis  amounts  to  severai 
degrees  in  the  course  of  a  few  hours.  The  temperature  usually  reachea 
Bubnornial  rajiges  from  which  it  reacts  gradually.  The  fall  may  be  brokeD 
by  a  slight  rise — interrupted  crisis.  It  is  often  attended  by  critical  dis- 
charges,  such  ns  copious  perspiration,  pa^age  of  a  large  quaiitity  of  urine, 
or  large  liquid  stools.  Not  infrequently  it  occurs  during,  or  is  folIowed  by, 
a  deep  and  prolonged  sleep  from  which  the  patient  awakes  refreshed  but 
weak  and  exhausted.  There  is  a  corre- 
sponding  fall  in  the  pulse  and  respiration 
frequency.  The  gradual  fall  in  lysis  takes 
plače  by  progressive  increase  in  the  morn- 
ing  remissions  and  decrease  in  the  evening 
exacerbations  until  normal  or  Bubnornial 
ranges  aro  attained.  This  process  fre- 
quently  extends  over  severa!  days,  as  in 
enteric  fever.  The  term  rapid  Ii/sis  is  ap- 
plied  to  a  gradual  defervescence  of  shorter 
duration.  Febrile  diseases  of  sudden  onset, 
Buch  as  croupous  pneumonia,  for  instance, 
not  infrequently  terminale  by  crisis,  while 
those  of  gradual  invaaion  commonl/  ter- 
minate  in  Ijsis. 

Persistence  of  fever  beyond  the  normal 
period  in  a  self-limited  diseaae  is  due  usu- 
ally  to  a  complication;  sometimes  to  re- 
lapse.  The  febrile  course  of  measles  is  fre- 
quently  prolonged  by  bronchopneumonJa; 
of  scarlet  fever  by  nuddle-ear  disease, 
endo-  or  pericarditis,  pleuri8y,  or  nephritis; 
of  enteric  fever  by  phlebitis,  abscess  forma- 
tion,  cholecystiti8,  necrosis  of  cartilage  or 
bone,  some  form  of  8econdary  infection,  or 
by  relapse.  Casea  of  enteric  fever  extenil- 
ing  to  the  fifth  wcek  or  longer,  in  whicb 
no  complication  can  be  discovered,  are 
most]y  instances  of  intercurrent  relapse, 

The  Temperature  durins  Convolescence. — In  the  ear1y  days  of  con- 
valescence  from  acute  febrile  diseaae  the  temperature  range  is  frequently 
eubnorraal.  It  is  aiso  labile,  that  is  to  8ay,  very,readily  disturbed  by 
trifling  influences,  such  as  constipation,  the  return  to  solid  food,  mentaJ 
excitement,  or  over-exertion.  A  transient  rise  of  temperature  produced  by 
any  of  these  causes  is  known  as  a  recrudeacence. 

Relapse. — A  rectirrence  of  fever,  together  with  the  characteristic 
Bymptoms  of  the  priniary  attack,  due  to  reinfection.  Instances  of  two  or 
more  relapses — viultiple  relapse — are  of  occasional  occurrence.  That  form 
of  relapse  which  begins  before  the  defervescence  from  the  priinary  attack 
is  completed  is  known  as  itdercvTrent  rdapae. 
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Bed  Fever. — Patients  who  have  passed  through  febrile  diseases  Bome- 
times  develop  during  convalescence  a  moderate  febrile  movement,  the 
eveniag  exacerbations  ranging  as  high  as  100°  or  101°  F.  This  fever  teads 
to  run  on  indefiiutely  but  may  quickly  disappear  if  the  patient  is  alIowed 
to  sit  up,  A  diagnosis  of  bed  fever  should  never  be  made  until  other  fever- 
producing  conditiona  are  e.\oiuded. 

Pahoxy8mal  Fever. — The  fever  recure  at  intervala.  The  temperature 
is  high  and  the  accompanying  Bymptoms  usually  severe,  Thp  febrile  move- 
ment is  of  short  duratlon  and  commonly  preceded  by  a  chill  and  foUowed 
by  profuae  8weating. 


•i^r,. 

±  ■  ::::t::  1 

x±::::±t  ■ 

:    ::i 

PT 

------- -^ 

\\\ 

::::::::  1 1 _ lE 

"--t^-lllllV-Allž 

E||=  =  =  =  :-i-:EE 

1^1 

■^H-     J 

:  _^ 

lir-  "^ 

_l:_-A^\-      ..\ 

/  .V\y  ..  ■■  : 

'    4-   U 

ir:-     \fy- 

\a  A  r^     ■  ■  ■-'- 

^i-^:  :  --V  "^'- 

B""'   1 

1  /f    JB    t/    31    Ui'^  t^    ^ 

^^*.y^ 

.■  .     ■    . 

•     1 

ft-    " 

■ 

___  _ 

Fia.  191. — Intcrniplad  \jm. 

Periodical  Feveh. — The  periodicity  moy  be  regular  or  irregular. 
Intermittent  and  remittcnt  fevera  are  periodical.  Tertian  and  quartan 
malaria  constitute  the  very  type  of  the  regularly  recurring  periodical 
fevers.  The  periodicity  of  the  eativo-autumnai  fevera  is  not  bo  well  de- 
fined;  the  type  is  blurred  and  in  some  casea  wholly  obliterated.  We 
observe  forma  of  continued  malarial  fever  due  to  estivo-autumnal  infection. 

Other  febrile  diseaaea  are  characterized  by  periodicity — a  matt«r  of 
great  practical  importance  in  diagnosis. 

Paroxysmal  fever,  often  of  regular  periodicitv,  may  occur  in  the 
folIowing  conditiona:  (a)  Absceea  formation  and  other  suppurative  proo- 
«S8es,  as  empyema.  In  cerebral  abscess  the  temperature  may  be  continu- 
0UBly  normal  or  subnormal.    Evacuatioa  of  pus  and  (reft  dT*itvW|^  S&  ^'3w■ 
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lowed  by  disappearance  of  fever.  (b)  Py8emia  and  Bepticaemia.  (c)  Halig- 
nant  endocarditis.  (d)  Suppurative  and  infectious  procesaea  in  the  liver 
and  bile-passages — hepalic  /ever.  Under  this  heading  are  abscees  of  th^ 
Uver,  dilTuse  cholangitis,  cholecystiti8,  inflammation  of  the  hepatic,  cyst)e, 
and  common  diicta,  gall-stone  disease,  e8pecially  impacted  gall-stODes,  and 
hypertrophic  cirrhosis.  (e)  Infections  of  the  genito-uriiiary  tract,  as  cy8ti- 
tis  and  pyelitis,  prostatic  abscess,  and  after  the  paasage  of  the  catheter  or 
sound — cath  eter /ever,  UTinary  fever.  (f)  Tuberculoaia.  Paroxy8mal  fever 
is  present  in  the  acute  miUary  form,    the  early  stagea  of  many  cases  and 
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the  later  stages — after  cavity  formation — of  almost  ali  cases  of  pulmonary 
phthisis,  and  v6ry  often  in  acute  tuberculous  proceasea  involving  the  bones, 
joints,  and  glands.  Sometimea  in  the  last  few  day8  of  coneumption  the 
fever  wholly  ceases.  (g)  Hodgkin'3  diaease  "and  lenkcemla.  Perioda  of 
fever  may  be  eeparated  by  prolonged  perioda  of  apyrexia.  (h)  Syphilis. 
The  initial  fever  may  come  on  within  four  or  Bix  weeka  after  infection  and 
persist  for  several  weeka.  Paroxy8mal  fever  in  some  instancea  accom- 
panics  the  development  of  gummata  and  other  lesions  of  the  tertiary 
period,  (i)  Rapiilly  gromng  malignant  neoplasms.  (j)  Very  rarely  in 
morphinism,  the  febrile  paroxysm  being  preceded  by  a  chill  and  folIowed 
by  copious  8weating.  If  the  minimal  temperaturee  fall  to  or  below  the 
aormal  tbe  fever  is  intermittent  in  ty[>e;  if  they  fail  to  reach  the  utHtnal 
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it  is  of  remittent  type.  In  the  course  of  any  of  the  foregoing  diseases  the 
fever  may  change  from  one  to  the  other  of  these  types  and  frequently 
it  becomes  irregular  and  wholly  atypical.  In  the  course  of  defervescence  by 
Iysis  as  the  fever  gradually  falls  to  normal  it  passes  from  the  subcontinu- 
ous  type  of  the  fastigium  first  to  the  remittent  type,  then  to  intermittent. 

The  febrile  paroxysmSy  in  some  cases  of  pysemia,  malignant  endo- 
carditis,  and  tuberculosis,  and  of  disease  of  the  Uver  and  bile-passages,  are 
ushered  in  by  rigor  and  terminate  by  sweating,  and  recur  with  such  regu- 
Iarity  that  they  closely  resemble  the  ague  paroxysms  of  malaria.  Errors 
of  diagnosis  are  common,  but  readily  avoided  by  close  observation,  exam- 
ination  of  the  blood,  and  the  therapeutic  test  of  qiiinine. 

Hyperpyrexia. — Excessively  high  temperatures  are  occasionally  ob- 
served.  The  thermometer  may  register  lOS.S*'  F.  (41®  C.)  and  higher  in 
injuries  involving  the  cervical  portion  of  the  spinal  cord,  and  in  tetanus, 
rheumatic  fever,  scarlet  fever,  enteric  fever,  yellow  fever,  and  sunstroke. 
Very  high  temperatures  occur  in  croupous  pneumonia,  the  paroxy8ms  of 
malarial  fever,  relapsing  fever,  and  erysipelas.  A  marked  rise  may  occur 
in  the  acute  infections  j  ust  before  death — pre^-agonistic  rise.  Excessive 
temperature  when  transient  is  not  necessarily  of  grave  prognostic  import; 
if  continued  for  some  hours  it  is  apt  to  be  followed  by  death.  Da  Costa 
has  recorded  a  temperature  of  110®  F.  (43.3®  C.)  in  a  čase  of  cerebral  rheu- 
matism,  Jacobi  has  seen  in  scarlet  fever  107.6®  F.  (42®  C),  Sahli  113®  F. 
(45®  C.)  in  enteric  fever,  Richet  107®  F.  (41.7®  C.)  in  sunstroke,  with  re- 
covery.  The  literature  contains  many  instances  of  recovery  after  such 
temperatures.  There  are  well  authenticated  cases  of  even  higher  temper- 
atures with  recovery.  The  most  remarkable  is  that  of  Teale,  reported  to 
the  London  Clinical  Society  in  1875.  A  lady  fell  from  her  horse  and  sus- 
tained  serious  spinal  injuries.  For  sixty  days  she  had  frequent  rises  of 
temperature  to  111.2®  F.  (44®  C.)  and  higher  but  eventually  recovered. 
Bryant,  Guy's  Hospital  Reports,  1894,  has  recorded  the  facts  of  one  hun- 
dred  cases  of  hyperpyrexia,  several  of  which,  however,  are  not  above 
suspicion.  Many  of  the  cases  of  excessively  high  temperature  have  oc- 
curred  in  hysterical  persons  and  several  of  the  most  remarkable  instances 
on  record  are  obviously  the  result  of  deception. 

HVPOTHERMIA. 

Subnormal  Temperature. — Hypothermia  may  be  present  under  the 
following  conditions: 

(a)  The  intense  action  of  external  cold.  A  transient  body  tempera- 
ture of  86®  F.  (30®  C.)  may  occur,  yet  recovery  take  plače. 

(b)  After  a  pronounced  crisis  at  the  close  of  an  acute  infectious  dis- 
ease, as  pneumonia.  Postcritical  falls  to  95®  F.  (35®  C.)  or  even  to  93.2®  F. 
(34®  C.)  have  been  observed. 

(c)  In  shock  and  collapse.  The  fall  of  temperature  is  associated  with 
8ign8  of  failure  of  the  circulation,  frequent,  small,  or  imperceptible  pulse, 
€olliquative  sweating,  great  relaxation,  and  extreme  pallor.  The  mind, 
except  in  the  presence  of  cerebral  lesions,  usually  remains  clear.  The  con- 
dition  may  be  transient  or  it  may  be  the  immediate  foreruunet  o(  dft^W 
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Subnormal  temperature  may  be  the  result  of  internal  or  external  hemor- 
rhage,  traumatism,  surgical  operation,  prolonged  ancesthesia,  the  apoplectic 
insult  in  cerebral  hemorrhage,  embolism  or  thrombosis,  the  sudden  ruptur« 
of  a  hollow  viBcus  with  the  diachargc  of  its  contenta  into  the  peritoneum, 
or  finally  the  action  of  intense  pain  or  a  audden,  overwhelming,  depresaiog 
emotion  in  a  neurotic  individual.  When  reaction  takes  plače  the  tempera- 
ture rise8veryofteii  to  febrilerangea.either  as  the  result  ofinfectionor,  in  the 
čase  of  cerebral  orspinal  lesions,  from  irritation  of  the  tissues  which  constitute 
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the  heat  centres.  In  lesions  of  the  cerebrospinal  axi3  the  reactive  fever  is 
frequently  due  to  inllanimatory  reaction  in  the  neighborhood  of  the  lesion. 

(d)  In  various  conditions  attended  by  greatly  diminished  tissue 
change  or  profound  disturbance  of  the  heat  mechanism,  as  in  the  coma 
attending  acute  poisoning  from  alcohol,  illuminating  gas,  carbolic  acid,  and 
other  toxic  agenta,  starvation,  carcinonia  of  the  cesophaguB,  other  internal 
cancers,  abscess  of  the  brain,  myx(£dema,  sclerema  neonatorum,  and  in  some 
forms  of  mental  disease,  as  melancholia.  Subnormal  temperatiu-e  ranges 
are  also  occasionally  observed  in  profound  anternia,  the  terminal  stagee  of 
tuberculous  processes,  especially  tuberculous  peritonitis,  and  in  diabetes. 

Tbe  Action  of  Drugs  upon  the  Temperature. — Antipyretic  drug?, 
moet  of  vhich  are  8ynthetic  products  of  coal-tar,  while  capable  of  produo- 
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ing  marked  efTectB  upon  febrile  temperatures,  have  little  infiuence  upoa  the 
body  temperature  in  health.  Their  free  use  in  fever  is  followed  by  e.  tead- 
eacy  to  collapse,  and  the  resulting  fall  of  temperature  is  of  short  duration. 

Extenul  AatJpyretic5. — Cold  baths  or  gradually  cooled  baths,  spong- 
ing,  packs,  ice-bags,  circulating  eoilsfor  tlie  application  of  iced  water,  and 
cold  euemata  reduce  the  febrile  temperature  not  only  without  the  pertur- 
bating  effect«  of  druga  but,  if  rightly  eniployed,  vith  a  favorsble  inSuence 
upon  the  general  condition  of  the  patient. 

Trifling  risea  of  temperature  follow  the  administration  of  full  doses 
of  atropine,  cocaine,  Btrychmnc,  caffeine,  and  certain  other  druge,  while 
corre8pOQdingIy  slight  falls  occur  after  morphine,  quinine,  alcohol,  and  the 
general  aiuesthetics. 

THE  SIGNIFICANCE  OF  ABNORMAL 
TEMPERATURES. 

To  recapitulate:  A  rise  of  temperature,  if  moderate,  may  be  physio- 
logical — digeetion,  violent  muecular  effort.  Such  riaes  are  commonly  tran- 
sient.  If  the  rise  be  accompanied  by  other 
8ymptom8  of  fever  it  may  indicate  (a)  an 
infection,  either  general  or  local;  (b)  an  in- 
toxication,  which  may  arise  within  the  body 
from  faulty  metabolism  or  be  introduced 
from  outdde  the  body,  as  in  the  čase  of  food 
or  drink;  (c)  a  lesion  involving  the  heat- 
regulating  mechanism  of  the  nervous  sy8tem. 

As  a  rule  there  are  aasociated  symp- 
tomB  which  render  practicable  the  differen- 
tial  diagnosis  of  these  conditions. 

A  fall  of  temperature  may  indicate 
blood  loas,  which  may  be  internal  and  con- 
cealed,  as  in  a  small  rupture  of  the  wall  of 
the  heart  not  presently  fatal;  a  similar  leak- 
age  from  an  aneurism;  collapse,  as  in  apo- 
plexy;  excessive  radiation,  as  in  expo3ure; 
diminished  metabolism,  as  in  convaleacence, 
starvation,  forms  of  poisoning,  and  certain 
nutrrtional  and  nervous  diseases,  The  fall 
may  be  transient  or  sustained. 

Whether  the  temperature  be  higher  or 
lower  than  the  normal  it  serves  to  exclude 
malingering  and,  as  a  rule,  hyat€ria.  It  ia 
important  to  bear  in  mind  that  remarkable 
departurea  from  the  normal  temperature  are 
observed  in  some  cases  of  hvsteria,  and  that 
the  clever  malingerer  often  play8  trieks  with 
tbe  thermometer  that  are  as  difficult  of  detection  as  they  are  puziUng. 
The  ProKnostIc  Slgnlficance  of  Abnomul  Temperatur«.— The  heigh« 
of  the  temperature  is  important,  since  the  danget  increaB«a  '«\X.\\\\v'e,\^\)Ba^ 
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8ity  of  the  fever.  A  rise  of  7.2^  F.  (4^  C.)  or  9°  F.  (5*^  C.)  is  of  itself  ominous. 
If  sustained  for  some  hours  death  almost  alway8  follows,  though  remark- 
able  exceptions  to  this  rule  have  been  observed.  Abrupt  rises  from  the 
range  of  health,  sueh  as  are  seen  in  malaria  or  relapsing  fever,  are  less 
dangerous  than  sudden  rises  above  the  fastigium  in  the  course  of  enteric 
or  other  continued  fever. 

Variations  from  type  in  the  temperature  curve  modify  the  prognosis 
unfavorably.  The  irregular  pneumonias  of  moderate  temperature,  102®  F. 
(38.8®  C.)  are  attended  by  greater  danger  to  life  than  the  typical  forms 
with  intense  fever,  104®  F.  (40®  C.)  or  higher. 

The  temperature  in  childhood  is  less  stable  than  in  adult  life.  It  is 
elevated  by  sUght  causes,  and  reacts  more  readily  to  antipyretic  treatment. 
Forms  of  ephemeral  fever  are  more  common  than  in  later  life.  High  tem- 
peratures  are  less  dangerous. 


V. 

RESPIRATION;  MODIFIED  RESPIRATORY  MOVEMENTS;  COUGH 
AND  ALLIED  PHENOMENA;    SIGNIFICANCE  OF  COUGH  IN 

DIAGNOSIS;    EXPECTORATION. 

RESPIRATION. 

The  normal  respiration-frequency  in  the  adult  is  from  16  to  24  in  the 
minute.  The  average  pulse-frequency  varies  between  64  and  96.  The 
normal  pulse-respiration  frequency  is  therefore  1  to  4-4.5.  In  early  life 
the  respiration  is  more  rapid,  the  average  being  in  the  new-born  44;  in  the 
fifth  year  26.  Posture  exerts  a  marked  influence.  In  normal  adults  the 
average  frequency  while  recumbent  is  14,  while  sitting  20,  and  in  the  erect 
posture  22.  These  diflferences  are  exaggerated  in  those  who  are  enfeebled 
by  disease.  The  respiration  is  slightly  less  frequent  in  the  morning  than  at 
night,  and*about  one-fourth  less  during  sleep.  It  is  more  rapid  after  eating 
and  especiaUy  after  a  hearty  meal,  a  fact  which  finds  its  explanation  in 
the  more  limited  excursus  of  the  diaphragm  when  the  stomach  is  fuU. 
The  rate  is  very  little  influenced  by  the  external  temperature.  It  is  modi- 
fied  by  the  internal  temperature  and  much  inereased  in  fever.  It  inereases 
with  museular  activity.  The  respiration  frequeney  may  be  modified  within 
limits  by  an  effort  of  the  will  and  is  profoundly  affected  by  the  emotions. 
Clinically  the  rate  is  often  quickened  by  the  knowledge  on  the  part  of  the 
patient  that  his  breaths  are  being  counted.  It  is  therefore  important,  if 
possible,  to  eount  without  his  being  aware  of  it,  for  instance,  when  you 
appear  to  be  eounting  the  pulse.  Failures  of  observation  may  be  controlled 
by  eounting  for  one  or  more  entire  minutes.  The  rate  and  depth  of  the 
respirations  bear  an  inverse  relation  to  each  other:  the  greater  the  fre- 
quency  the  less  the  depth,  or  the  8lower  they  are,  the  deeper.  General 
abnormal  conditions  and  local  diseases,  especially  those  which  involve  the 
organs  of  respiration,  modify  both  the  frequency  and  extent  of  the  reepira* 
tory  movementa. 
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Tldal  Air. — This  term  is  used  to  designate  the  inflow  and  outflow  of 
air  during  quiet  respiration.  It  amounts  to  about  500  cubic  centimetres — 
30  cubic  inches.  Complemental  air  is  the  volume  that  can  be  inspired 
after  the  completion  of  an  ordinary  inspiration;  reserve  or  supplemental 
AIR,  the  volume  that  can  be  expelled  after  an  ordinarjr  expiration;  resid- 
UAL  AIR,  the  volume  remaining  in  the  lungs  after  the  most  forcible  expira- 
tion;  STATIONART  AIR,  the  volume  remaining  in  the  lungs  after  an  ordinary 
expiration  and  equal  to  the  reserve  air  plus  the  residual  air.  Vital  ca- 
PACiTT  is  the  volume  of  air  that  can  be  expired  after  the  fuUest  inspiration. 
The  average  is  about  3400  cubic  centimetres  for  men  and  2500  cubic  centi- 
metres for  women.  Lung  capacitt  is  the  total  quantity  of  air  in  the  lungs 
after  fuU  inspiration,  and  is  equal  to  the  vital  capacity  plus  the  residual  air. 

VItal  Capacity. — The  measurement  of  the  vital  capacity  is  determined 
by  various  modifications  of  the  spirometer  devised  by  Hutchinson.  It  is 
affected  by  age,  sex,  stature,  posture,  occupation,  and  disease.  It  increases 
with  age,  the  maximum  being  attained  at  about  the  thirty-fifth  year.  It 
is  greater  in  men  than  in  women  of  the  same  height  in  the  ratio  of  10  to 
7.5.  It  increases  in  proportion  to  the  stature  up  to  the  twenty-fifth  year, 
and  Arnold  found  that,  in  the  adult,  for  each  centimetre  of  increase  or 
decrease  of  height  beyond  a  mean  standard  there  is  a  corresponding  rise  or 
fall  in  the  vital  capacity  of  60  cubic  centimetres  for  men  and  40  for  women. 
The  ratio  as  modified  by  posture  is  0,96  in  the  prone,  1.11  in  the  sitting 
or  erect,  and  1.13  in  the  standing  position.  The  vital  capacity  is  greater  in 
those  leading  an  active  than  in  those  who  lead  a  sedentary  life.  It  is 
obvious  that  improper  clothing  and  tight  lacing  and  ali  pathological  condi- 
tions  which  interfere  with  the  full  and  free  expansion  of  the  chest,  whethep 
general,  as  in  wasting  diseases  of  every  kind,  or  local,  as  in  thoracic  or 
abdominal  diseases,  must  diminish  the  vital  capacity;  nor  is  it  to  be  over- 
looked  that  pregnancy  or  a  sedentary  life  not  in  itself  incompatible  with 
excellent  hcalth  may  exert  a  similar  influence.  The  spirometer,  partly  for 
these  reasons,  partly  by  reason  of  its  inconvenience  of  application  and  un- 
certainty  as  an  instrument  of  precision,  and,  finally,  becausc  there  are  other 
methods  far  more  available  and  accurate,  has  fallen  wholly  into  disuse  in 
ordinary  clinical  work. 

Peculiarities  in  the  respiratory  phenomena  are  expressed  by  the  fol- 
Iowing  terms: 

EuPNCEA  is  a  condition  of  normal  respiration  observed  during  bodiIy 
and  mental  quiet.  Apncea  is  a  temporary  suspension  of  the  respiratory 
movements.  Hyperpn(ea  is  a  term  used  to  designate  increased  respiratory 
activity.  Heat-dyspn(ea  and  polypn(ea  are  forms  of  hyperpnoea  due  to 
direct  excitation  of  the  respiratory  centres,  as  the  result  of  an  increase  in 
the  temperature  of  the  blood  or  of  reflex  excitation  of  the  cutaneous  nerves 
by  external  heat.  Dvspncea  is  difficult  or  labored  breathing;  the  respir- 
atory  frequency  is  often  less  than  normal  but  may  be- increased.  As- 
PHYXiA  or  suFFOCATioN  is  the  term  used  to  express  the  condition  caused 
by  deprivation  of  air.  The  respirations  are  at  first  increased  in  frequency 
and  depth,  then  a  period  of  increasing  dyspnGea  follows,  with  violent  spas- 
modic  expirations  and  convulsions.  The  final  condition  is  that  of  coUapse, 
which  is  ushered  in  by  progressive  Blowne88  and  8hallowne8a  of  tk<&  !K»^« 
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rations,  dilatation  of  the  pupils,  disappearance  of  the  motor  reflexes,  loss  of 
consciousness,  convulsive  twitching,  and  relaxation  of  the  sphincters.  The 
heart  commonly  continues  to  beat  for  some  minutes  after  the  cessation  of 
breathing,  so  that  by  means  of  artificial  respiration  the  patient  may  be 
restored  to  life.  After  death  the  blood  is  dark,  the  veins  and  Iimgs 
engorged,  and  the  arteries  empty. 

Tyi>e  In  Respiration. — The  filling  of  the  lungs  with  air  is  brought  to  pass 
in  part  by  the  outward  and  upward  movement  of  the  ribs  and  sternum  and 
in  part  by  the  contraetion  of  the  diaphragm.  Either  of  these  factors  may 
predominate;  hence  a  costal  type  of  respiration  and  a  diaphragmatic  or 
abdominal  type.  In  women  the  costal  type  is  more  pronounced;  in  men  the 
abdominal.    In  the  new-born  the  type  is  abdominal,  in  older  children  costal. 

The  type  undergoes  modifications  in  consequcnce  of  various  patho- 
logical  conditions  which  aflfect  the  costal  or  abdominal  respiration. 

Limitation  of  costal  respiratory  movements  is  caused  by  intratho- 
racic  disease  or  by  changes  in  the  wall  of  the  thorax.  Dense  pleural  thick- 
ening,  pulmonary  consolidation,  loss  of  pulmonary  elasticity,  effusions, 
large  aneurisms,  and  tumors  of  every  kind  limit  the  respiratory  excursus 
in  the  region  involved.  If  one-sided,  as  is  mostly  the  čase,  the  unaffected 
lung  takes  iipon  itself  additional  work, — vicarious  respiration, — and  the 
increafied  respiratory  movement  of  the  sound  side  is  in  strong  contrast  to 
the  restricted  movement  of  the  affected  side.  Calcification  of  the  costal 
cartilages  and  the  ankylosis  of  the  costosternal  articulations,  which  takes 
plače  in  arthritis  deformans  and  emphysema,  interfere  \inth  the  move- 
ments of  the  ribs  and  may  convert  the  costal  type  of  respiration  in  the 
female  or  the  costo-abdominal  in  the  male  into  the  purely  abdominal  type. 

Limitation  of  abdominal  respiration  may  arise  as  the  result  of  mechan- 
ical  interference  with  movements  of  the  diaphragm,  paralysis  of  the  dia- 
phragm itself  through  flattening  of  its  vault  by  the  presence  of  pleural 
eflfusions,  or  in  emphysema,  and  instinctively  to  avoid  pain.  The  costal 
type  may  therefore  be  intensified  and  the  diaphragmatic  diminished  in 
the  following  conditions:  mechanically  in  ali  forms  of  marked  distention 
of  the  :i'  "'omen,  as  advanced  pregnancy,  tympany,  tumors,  and  ascites; 
acute  inflammations  of  the  serous  membranes  in  relation  with  the  dia- 
phragm, as  pleurisy,  pericarditis,  and  peritonitis — the  limitation  of  move- 
ment being  in  part  the  result  of  pain,  in  part  the  result  of  paresis  of  the 
musculature  of  the  diaphragm;  paralytic  states  involving  the  diaphragm, 
as  multiple  neuritis  or  progressive  muscular  atrophy. 

MODIFIED  RESPIRATORY  MOVEJVIENTS. 

Derangements  of  the  Frequency  and  Rhythni  of  the  Respiration. — 
(a)  Diminution  in  the  Respiration  Frequency — Olis^opncea. — This  8ymptom 
is  common  in  stuporous  conditions  and  in  coma.  It  occurs  in  severe 
brain  disorders,  as  hemorrhage,  tumors,  meningitis,  in  ursemia,  diabetic 
coma,  intense  infections,  and  manv  forms  of  narcotic  poisoning.  As  disso- 
lution  approaches  the  respiration  declines  in  frequency.  In  ali  of  these 
conditions  the  rhythm  of  the  respiration  may  be  deranged.  The  changes 
are  dne  to  altered  function  of  the  respiratorv  centre. 
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<b)  IncTMMd  Freqaeaey— Polypiicea. — This  results  from  increased  de- 
mands  upon  the  respiratory  functioa  and  constitutes  an  important  element 
in  the  symptoin-coinplex  dyspnQea.  It  occurs  alao  as  a  nervous  symptom 
in  hysteria  and  certain  forma  of  cerebral  disease. 

(c)  Cbaracteriitlc  Denuigcmeats. — 1.  Meningeal  Respiration,  Biot 
BaEATHiNG.^Thia  form  of  breathing,  as  ita  name  indicates,  ia  common  in 
meningitis,  but  may  occur  in  other  affections  of  the  brain  and  in  severe 
general  infectiona  and  toxic  conditions.  It  ia  characterized  by  pauses  in 
breathing,  which  last  from  a  few  secunda  to  half  a  minute  or  longer  and 
recur  at  regular  or  irregular  perioda.  It  ia  of  unfavorabie  prognostic  import. 
The  characteristics  of  Biofs  respiration  are:  Periods  of  apnoea,  which 
vary  in  length  and  occur  at  irregular  intervals;  constant  irregularity  in 
rhythm,  and  in  the  force  of  the  individual  reapirations;  the  frequent  occur- 
rence  of  deep  sigha;  uniformity  of  the  expiratory  level. 

2.  Cheyne-Stoke3  Respiration. — Tbere  are  similar  pauses  in  this 
form  of  breathing.  They  do  not,  however,  occur  as  mere  interruptions  of 
respiration  but  are  preceded  by  a  gradual  diminution  in  the  depth  and 
frequency  of  the  ree  pirat  orv 
acts  until  breathing  wholly 
ceases.  After  a  pause  of  8ev< 
eral  or  m  a  n  y  eeconds  the 
breathing  ia  re-eatabliahcd.  It 
is  at  first  shallow  and  8low» 
but  progres8ively  increases  and 
becomos  by  degreea  more 
rapid,  deeper,  and  sometimes 
urgent,  until  a  maximum  is 
attained.  Then  follows  another 
gradual  decrease,  to  be  again 
followed  in  time  by  total  arrest 
of  respiratory  movement, 
Cheyne-Stoke3  respiration  is 
characterized  by  an  exqui9ite  periodicity.  It  ia  encountered  in  grave  general 
conditions  due  to  affeetions  of  the  brain,  heart,  or  respiratory  organs,  espe- 
cially  in  individuala  who  have  marked  arterioscleroais.  It  occurs  also 
iti  ursemia  and  uaually  but  by  no  means  invariably  in  unconaciousneas. 
This  form  of  breathing  may  ariae  while  conaciousness  la  retained,  and  espe- 
cially  is  thla  the  caae  in  chronic  affeetions  of  the  circulatory  and  reapiratory 
organs.  Under  some  circumstances  conaciouaness  ia  partiallv  or  wholIy 
lost  during  the  respiratory  pauses  and  regained  in  the  intervals  of  breath- 
ing. During  the  pauses  there  is  sometimes  a  marked  aloning  of  the  pulee, 
with  altered  tension,  and  contraction  of  the  pupils,  but  theae  phenomena 
bear  no  con.atant  rolation  to  the  rcapiratorv  changcs.  During  the  ^cel- 
eration  in  breathing  which  followa  the  pause  the  patienta  in  aome  instance« 
expericnce  a  doaire  for  air  and  in  olher  instances  the  sensation  of  having 
been  roused  from  siccp.  CVanosis  may  occur  during  the  pnuse.  In  certain 
cases  Cheyne-Stokes  respiration  occurs  onlv  in  slcep.  Full  doaoa  of  mor- 
phine  are  followed  by  an  intensification  of  the  phenomena,  and  Cheyne- 
Stokes  reapiration  may  first  appear  in  the  aleep  which  fQllQw&  tha  wiTC.\a 
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istration  of  this  drug.  The  prognosis  of  the  underlying-coadition  is  alway8 
grave,  and  this  form  of  respiration  is  seen  in  profound  illness  from  which, 
exceptionally,  the  patient  rallies  in  a  short  tirne  or,  and  this  is  the  general 
rule,  presently  dies.  In  some  cases  of  cardiac  or  renal  disease,  however, 
Cheyne-Stoke8  respiration  recurs  from  tirne  to  time  for  months. 

3.  Jerking  Respiration. — The  aet  may  be  spasmodic.  Usually  it  is 
the  inspiration  that  is  jerking,  less  eommonly  the  expiration,  rarely  both. 
Jerking  inspiration  is  seen  in  sobbing,  hysteria,  hydrophobia,  sometimes 
in  asthma;  jerking  expiration,  in  acutely  painfiU  respiration,  such  as 
occurs  in  pleurisy,  especially  diaphragmatic,  in  pleurodynia,  or  in  the  čase 
of  a  broken  rib.  Jerking  respiration  is  more  apt  to  oeeur  when  the  breath- 
ing  is  of  the  eostal  type  than  when  it  is  abdominal. 

Dyspnoea. — This  term  includes  a  variety  of  respiratory  derangements 
which,  much  as  they  may  differ  among  themselves  in  detail,  have  one 
thing  in  common,  namely,  difl5culty  in  breathing.  The  elinieal  conception, 
whatever  the  cause  or  whatever  the  derangement,  rests  upon  inadequate 
oxygenation  of  the  blood.  Dyspn(Ba  may  arise  from  a  deficiency  of  oxygen 
or  from  an  excess  of  carbon  dioxide  in  the  blood.  Cardiac  and  hemorrhagic 
.dyspn(Bas  are  due  chiefly  to  a  deficient  supply  of  oxygen.  In  cardiac  dy8- 
pncea  the  poop  supply  of  blood  to  the  tissues  results  from  the  enfeebled  action 
of  the  heart.  In  hemorrhagic  dyspnoea  there  is  enfeebled  action  of  the 
heart  on  the  one  hand  and  a  diminished  quantity  of  blood  on  the  other. 
AH  conditions  which  lessen  the  force  of  the  circulation  or  the  quantity  of 
hsemoglobin  tend  to  cause  dyspnoea;  hence  individuals  who  suflFer  from  car- 
diac lesions  or  forms  of  ansBmia,  or  who  are  enfeebled  by  disease,  experience 
difl5culty  in  respiration  after  slight  exertion.  Conditions  which  interfere 
with  the  interchange  of  oxygen  and  carbon  dioxide  in  the  lungs,  such  as 
bronchitis  of  the  smaller  tubes,  forms  of  pneumonia,  emphysema,  extensive 
pulmonary  tuberculosis,  laryngeal  obstruction,  abdominal  tumors,  and 
large  ascites,  tend  to  the  production  of  dyspnoea,  especially  upon  exertion. 

The  respiration  may  be  more  or  less  frequent  than  normal.  Two  prin- 
cipal  forms  may  be  distinguished,  namely,  that  in  which  the  breathing  is 
rapid  and  shallow  and  that  in  which  it  is  slow  and  deep.  In  the  former  the 
ratio  between  inspiration  and  expiration  is  not  usually  much  deranged; 
difficulty  in  breathing  attends  both  acts  and  the  condition  is  spoken  of  as 
mized  dyspncea.  In  the  latter  the  ratio  is  disordered,  sometimes  the  inspi- 
ration, sometimes  the  expiration  being  more  prolonged.  To  the  one  is 
applied  the  term  inspiratory  di/spncea;  to  the  other  expiratory  dt/spnaa. 
The  first  is  characterized  by  inspiratory,  the  second  by  expiratory  stridor. 
In  ali  forms  of  dyspnoea  certain  muscles  which  ordinarily  are  little  or  not 
at  ali  used  in  respiration  and  have  other  functions  are  brought  into  play. 
They  are  the  auxiliary  muscles  of  respiration.  Among  them  are  the 
scaleni.  trapezii,  levatores  scapulae,  the  sternocleidomastoid,  stemo-  and 
thyrohyoid  muscles,  and  the  pectorales.  The  action  of  these  muscles  is 
more  powerfully  exerted  in  the  drect  or  sitting  posture — arthopnaea — the 
position  usually  assumed  in  inspiratory  dyspncea.  In  expiratory  djspncea 
the  abdominal  muscles  are  used  as  auxiliary  muscles. 

In  dyspnGea  of  high  grade  the  muscles  of  facial  expre88ion  are  also 
brought  into  play,  with  the  effect  of  dilating  the  nostrils  and  aeparating 
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the  lips  and  jaws.  The  action  of  these  muscles  gives  to  the  facies  a  very 
characteristic  and  distressed  appearance.  Very  striking  is  the  play  of  the 
nostrils  in  young  children  suffering  with  pneumonia.  The  entrance  of  air 
is  to  some  extent  favored  by  the  action  of  these  muscles,  but  the  ex- 
planation  of  their  participation  in  the  dyspnoeal  movements  is  to  be  sought 
in  the  implication  of  associated  muscle  groups  in  the  intense  innervation 
supplied  to  the  essential  muscles  of  rcspiration. 

The  term  dyspncea  is  sometimes  used  to  designate  the  sensation  of 
breathlessness  which  attends  difficult  breathing.  Hence  siibjective  and 
objedive  dyspnoea.  These  two  forms  are  usually  associated,  but  to  this 
statement  there  are  exceptions.  Cases  occur  in  which,  with  persistent 
obstruction  of  the  respiration  and  well-marked  objective  dyspncea,  there 
is  no  sense  of  breathlessness  or  oppression.  Cyanosis  may  even  be  present 
without  subjective  dyspnoea.  As  death  approaches  and  objective  dyspnoea 
becomes  urgent  carbon-dioxide  narcosis  develops  and  subjective  dyspncea 
disappears.  There  are  cases,  however,  in  which  objective  dyspncea  is 
slight  or  absent  altogether,  yet  the  patient  complains  of  distressing  sub- 
jective dyspnoea.  To  this  category  must  be  referred  the  precordial  distress 
of  melancholia  and  the  frequent  desire  of  nervous  patients  to  take  a  series 
of  deep  inspirations.    Pure  subjective  dyspncea  is  rare. 

Cyano8is  attends  every  obstruction  to  respiration  of  high  grade,  what- 
ever  the  cause.  The  blood  becomes  progressively  richer  in  carbon  dioxide 
and  poorer  in  oxygen.  In  chronic  conditions  attended  with  dyspncea  the 
organism  may  gradually  become  adjusted  to  subnormal  oxygenation  of 
the  blood,  so  that  the  other  functions  are  fairly  well  performed  and  the 
patient,  although  manifestly  dyspnceic,  especially  upon  exertion,  and  con- 
8tantly  cyanosed,  has  little  subjective  dyspncea.  On  the  other  hand  a 
similar  degree  of  obstruction  to  respiration,  if  rapidly  established,  is  at- 
tended with  the  most  urgent  and  distressing  dyspnoea4 

Pneumothorax  affords  a  striking  example  of  the  adjustment  of  the 
organism  to  respiratory  disturbances  of  high  grade.  The  sudden  inter- 
ference  with  respiration  causes  intense  objective  and  subjective  dyspnoDa, 
which  gradually  subsides  and  in  many  cases  wholly  disappears  so  long  as 
the  patient  is  at  rest. 

Dy8pncea  is  of  much  less  unfavorable  prognosis  when  the  cyanosis  is 
slight  than  when  it  is  deep  and  persistent. 

Forms  of  Dy8piicea. — Dtspncea  as  the  result  op  pain  occurs  in 
pleurisy  and  especially  in  diaphragmatic  pleurisy,  peritonitis,  inflamma- 
tion  of  the  diaphragm,  and  in  affections  of  the  intercostal  muscles,  as 
myalgia  and  trichinosis.  Deep  breathing  is  impossible;  the  respirations 
are  shallow  and  hurried.    The  difficulty  is  not  mechanical  but  functional. 

Dtspncea  from  Diminution  op  the  Respiratort  Surface  or  Lim- 
ITATION  OP  the  Respiratort  Excursus. — These  conditions  are  commonly 
associated.  They  are  present  in  diseases  involving  the  parenchyma  of  the 
lungs,  such  as  croupous  and  bronchopneumonia,  large  infarcts,  congestion, 
and  the  like;  aiso  in  those  affections  in  which  the  capacity  of  the  thorax  is 
decreased,  as  pleural  and  pericardial  effusion,  pneumothorax,  tumors, 
maesiTe  hypertrophy  of  the  heart,  and  kyphoscoliosis;  and  finally  when 
ever  the  movements  of  the  chest  are  hindered,  as  ia  em^Vv^«fi:i£A.«  ^i^^st^ 
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«hest-pain,  or  spasm  or  palsy  of  the  re8piratory  muscles.  Under  these 
tircumstances  the  tidal  air  is  diminished  and  the  number  of  re8piratory 
acts  is  correspondingly  increased.  In  propoiliion  as  the  requirements  of  the 
organism  are  thus  satisfied  the  associated  8ymptoms, — subjective  dyBp- 
ncea  and  cyanosis, — are  slight  or  absent.  Bodily  eflfort  increases  the  diffi- 
<;ulty.  The  deficiency  of  oxygen  asserts  itself  and  these  symptom8  become 
manifest  upon  moderate  exertion.  If  the  condition  be  unilateral,  as  in 
pleural  eflfusion,  vicarious  respiration  is  established. 

Dtspncea  in  Circulatort  Derangements. — Valvular  lesions  cause 
<lyspna)a  when  the  compensation  fails.  Myocardial  changes  act  in  the 
«ame  way.  There  is  a  transference  of  blood-pressure  from  the  arterial  to 
the  venous  side  of  the  circulation.  The  organs  receive  less  arterial  and 
retain  more  venous  blood  than  normal.  The  circulatory  derangement 
Afifects  the  respiratory  centre,  with  the  result  that  the  breathing  is  increased 
both  in  frequency  and  depth.  Lesions  of  the  left  side  of  the  heart  cause 
overfilling  not  only  of  the  veins  of  the  general  circulation  but  also  of  those 
of  the  pulmonary  circuit.  The  overfilling  of  the  pulmonary  capillaries, 
which  ultimately  gives  rise  to  brown  induration,  is  an  additional  cause  of 
dyspna:a,  not  so  much  because  of  the  space  occupied  by  the  blood  as  by 
reason  of  the  impairment  of  elasticity  in  the  congested  tissue  of  the  lung. 
The  alveolar  distention  remains  near  the  inspiration  point  and  the  respir- 
atory  excursus  is  correspondingly  diminished.  The  loss  of  elasticity  acts 
as  a  direct  hindrance  to  breathing.  The  paroxysmal  attacks  of  dyspnoea 
in  such  cases  constitute  so-called  cardiac  asthma.  This  term  is  frequently 
used  to  describe  any  shortness  of  breath  occurring  in  disease  of  the  heart. 
It  is  preferable  to  restrict  it  to  the  attacks  which  bear  a  close  resemblance 
to  true  bronchial  asthma.  Such  attacks  often  come  on  at  night  after  the 
first  sleep.  In  both  conditions  the  form  of  dyspncea  is  the  same.  There  is 
A  tendency  to  prolongation  of  the  respiratory  act  with  difficult  and  pro- 
longed  expiration  attended  by  stridor.  To  the  habitual  overfilling  of  the 
pulmonary  capillaries  in  mitral  disease  must  be  ascribed  the  dyspnoea 
upon  exertion  which  is  so  common  in  this  condition  in  the  absence  of 
impaired  compensation.  A  further  cause  of  dyspncea  in  circulatory  dis- 
turbances  is  the  bronchial  catarrh  which  is  present  to  some  degree  in  most 
of  the  cases. 

Dtspncea  in  Obstruction  op  the  Upper  Air-passages. — The  stress 
upon  the  inspiratory  muscles  is  proportionate  to  the  degree  of  obstruction. 
The  respiration  tends  to  become  prolonged  and  deep.  In  many  cases,  how- 
€ver,  it  is  increased  in  frequency  and  correspondingly  superficial.  This  form 
of  dvspnoea  is  present  in  the  marked  stenosis  of  the  pharyiix  which  occurs 
as  the  result  of  hypertrophy  of  the  tonsils  or  retropharyngeal  abscess,  in 
spasmodic  and  membranous  laryngitis,  in  a?dema  or  spasm  of  the  glottis, 
in  paresis  of  the  abductor  muscles  of  the  larynx  (posterior  crico-arytenoid8) 
and  in  narrowing  of  the  pharynx  and  trachea  by  tumors,  foreign  bodies,  and 
compression  from  outside,  as  in  the  čase  of  aneurism  or  mediastinal  tumor. 

As  the  obstruction  reaches  a  high  grade  the  volume  of  air  in  the  lungs 
is  progressively  diminished  and  the  less  rigid  portions  of  the  thorax  yield 
to  the  pressure  of  the  extemal  atmosphere.  The  depressions  are  espeeiall; 
marked  in  the  epigastrium  and  the  suprasternal  and  postclavicullur  regiona. 
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In  young  children,  in  consequence  of  repeated  attacks  of  laryngitis  or 
bronchitis  the  cartilaginous  portions  of  the  wall  of  the  thorax  yield  and 
more  or  less  persistent  deformities  of  the  chest  arise.  Among  these  are  the 
wide,  •shallow,  oblique  depressions  at  the  base  of  the  chest  known  as  Harri- 
son's  furrows,  and  the  prominence  of  the  sternum,  known  as  chicken-breast. 

The  stridor  in  this  form  of  dy8pncea  is  characteristic.  It  is  commonly 
loud,  prolonged,  and  hissing  or  whistling  in  character  and  usually  much  more 
marKea  upon  inspiration  than  upon  expiration, — a  fact  that  finds  explana- 
tion  in  the  lateral  drawing  together  of  the  tissues  below  the  seat  of  obstruc- 
tion  in  consequence  of  the  tendency  to  vacuum  caused  by  the  powerful 
inspiratory  eflfort  and  the  greater  force  of  the  inspiration  as  compared  with 
the  expiration.  In  fact  stridor  may  be  wholly  absent  during  the  expiration. 
When,  however,  patients  sufFering  from  stenosis  of  the  upper  air-passages  in 
increasing  obstruction  become  obliged  to  use  the  abdominal  muscles  in 
active  expiration,  expiratory  stridor  becomes  marked  or  predominant. 

Dyspn(ea  in  Bronchitis. — Dyspncea  arises,  as  a  rule,  only  in  those 
cases  in  which  the  catarrhal  inflammation  involves  the  finer  tubes.  The 
lumen  is  narrowed  by  swelling  of  the  mucosa  and  the  presence  of  secretion 
or  exudate.  If  the  narrowing  involves  a  limited  number  of  bronchial 
tubes  the  dif5culty  in  breathing  is  not  urgent  and  compensation  takes 
plače  by  increase  in  the  respiration  frequency.  When  the  obstruction  in- 
volves a  great  number  of  bronchial  tubes  diflferences  in  type  of  the  dyspnoea 
arise  which  depend  upon  the  degree  of  obstruction.  In  so-called  capillary 
bronchitis  the  respiratory  surface  is  diminished  to  an  extent  correspond- 
ing  with  the  number  and  distribution  of  the  lobules  in  vol  ved;  dyspnoea 
with  hurried  respiration  then  results.  In  the  dry  bronchitis  of  the  middle- 
sized  tubes  it  is  yet  possible  for  a  sufficient  quantity  of  air  to  be  drawn 
into  the  lungs.  This  can  generally  be  accomplished  best  by  respiration  of 
diminished  frequency  and  abnormal  depth,  j  ust  as  in  stenosis  of  the  larynx. 

Dy8pn(ea  in  Bronchial  Asthma. — The  breathing  is  slow,  the  ex- 
piration  usually  prolonged  and  accompanied  with  stridor — expiratory 
dy8pn(ra.  The  rdles  can  be  heard  at  a  considerable  distance  from  the 
patient.  The  difficulty  is  not  to  get  the  air  into  the  lungs  but  to  get  it 
out.  Acute  emphysema  occurs  and  the  respiratory  excursus  is  greatly 
diminished;   hence  the  *^air  hunger.*' 

DrsPNCEA  IN  Emfhtsema. — The  chest  tends  to  assume  permanently 
the  inspiratory  form.  The  elasticity  of  the  lung  parenchyma  is  impaired. 
The  respiratory  excursus  is  correspondingly  diminished.  The  alveolar 
septa  are  in  many  places  destroyed,  together  with  the  intra-alveolar  blood- 
vessels.  The  breathing  is  shallow  and  frequent.  The  patient  is  distressed 
for  breath,  especially  upon  the  slightest  exertion.  The  dyspnGPa  is  increased 
by  the  bronchitis  which  is  so  common  in  emphysema.  Modifications  arise  in 
consequence  of  the  frequent  occurrence  of  bronchial  asthma  in  emphysema. 

So-CALLED  Ur^emic  Dyspn(ea. — This  form  may  occur  as  a  true  urae- 
mic  bronchial  asthma.  There  is  slowing  of  the  respiration  with  prolonged 
expiration  and  expiratory  stridor.  The  condition  is  not  common.  The 
dyspnopa  in  the  majority  of  the  cases  is  not  actuallv  uradnic  but  rather  a 
manifestation  of  cardiac  derangement,  bronchial  catarrh,  or  beginning 
puImonary  oedema. 
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The  Dyspn(ea  of  Fever. — Rise  of  temperature  is  usually  associated 
with  increase  in  respiration  frequency.  Artificial  elevation  of  temperature 
also  causes  hurried  breathing.  The  dyspnGea  is  doubtless  due  to  the  action 
of  heated  blood  upon  the  respiratory  centre.  As  it  bears  no  constant  rela- 
tion  to  the  height  to  which  the  temperature  rises,  it  is  probably  due,  in 
part  at  least,  to  the  action  of  the  fever-producing  toxins.  Experience  has 
shown  that  febrile  diseases  in  which  the  respiration  frequency,  in  the 
absence  of  lung  complications,  is  very  high,  are  as  a  rule  of  serious  import. 

The  Dtspncea  of  An^emia. — When  the  hsemoglobin  is  diminished, 
the  oxygen  requirement  of  the  organism  demands  the  most  complete  per- 
formance  of  the  respiratory  function.  There  is  no  hindrance  to  respiration 
and  the  breathing  is  quickened  and  increased  in  depth.  This  form  of 
dyspncBa  is  characteristic  of  high  grades  of  secondary  ansemia  such  as 
occur  in  hemorrhage,  in  advanced  pernicious  ansemia,  and  in  chlorosis. 
following  exertion.  It  is  a  symptom  of  internal  hemorrhage  and  occa- 
sionally  of  hemorrhagic  pancreatitis. 

COUGH  AND  ALLIED  PHENOMENA. 

The  normal  rhythmical  expansions  and  contractions  of  the  thorax 
serve  the  physiological  purposes  of  respiration.  Certain  other  move- 
ments  which  are  respiratory  in  character  serve  other  purposes.  Of  these 
some  are  voluntary,  others  involuntary,  some  purposeful,  others  spasmodic 
Among  such  movements  are  the  following: 

Cough. — A  more  or  less  deep  inspiration  is  followed  by  an  expira- 
tory  act  which  is  interrupted  by  repeated  partial  closure  of  the  glottis  and 
the  production  of  a  series  of  characteristic  sounds.  The  air  is  expelled 
through  the  narrowed  glottis  with  some  force  so  that  foreign  bodies,  such 
as  a  crumb,  mucus  in  the  respiratory  passages,  and  the  like,  are  swept  from 
the  upper  air-passages  into  the  mouth.  In  the  great  majority  of  cases 
cough,  whether  in  consequence  of  lesions  of  the  respiratory  organa  or  dis- 
ease  or  irritation  in  distant  organs,  is  reflex  and  spasmodic.  It  may  be 
voluntarily  produced. 

Hawkins:  is  a  voluntary  act,  the  result  of  irritation  in  the  pharynx.  It 
resembles  cough  except  that  the  glottis  is  open  and  the  expiration  continuous. 

Sneezins:  consists  in  a  deep  inspiration  followed  by  a  forcible  expira- 
tory  blast  through  the  noše;  the  glottis  is  open  and  the  mouth  iisually 
but  not  always  closed.  Sneezing  is  excited  by  irritation  of  the  terminal 
fibres  of  the  nasal  branches  of  the  fifth  pair  of  cranial  nerves  and  is  often 
preceded  by  peculiar  sensations  in  the  noše. 

Lausrhins:  is  an  emotional  act  characterized  by  deep  inspiration  suc- 
ceeded  by  repeatedly  interrupted  expiration  with  an  open  ^ottis  and 
vibrating  vocal  cords.  The  mouth  is  wide  open,  the  expiration  is  much  less 
forcible  than  in  coughing,  and  the  muscles  of  expression  give  a  character- 
istic appearance  to  the  face.  Laughing  may  be  voluntary  or  involuntary. 
When  very  violent  and  repeated  it  may  be  spasmodic  and  acoompanied 
by  tears. 

Cryins:  closely  resembles  laughing.  It  cannot  in  fact  alwayB  be  dis- 
tinguiahed  from  laughing  and  the  one  may  readily  altemate  with  tlie  other 
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in  young  children  or  patients  sufFering  from  hy8teria.  The  rhythm  and 
the  facies  are  diflferent.    Crying  is  involuntary  and  accompanied  by  tears. 

Sobbins^  follow8  long  spells  of  crying  or  is  the  expression  of  deep 
grief.  It  is  characterized  by  interrupted  inspirations  with  a  partially 
closed  glottis,  followed  by  a  prolonged  quiet  expiration,  and  is  usually 
involuntarv. 

Sisrhinsr  consists  in  a  prolonged  inspiration  attended  by  a  character- 
istic  soft  sound.  The  mouth  is  closed  or  the  lips  but  slightly  parted;  it 
is  largely  voluntary. 

Yawnins^  consists  in  a  prolonged  deep  inspiration  through  the  widely 
opened  mouth  accompanied  by  a  pecuUar  sound.  The  glottis  is  open  and 
the  expiration  short.  The  arms  are  thrown  out  and  the  shoulders  back. 
It  may  be  either  voluntary  or  involuntary  but  is  not  spasmodic. 

Snorins:  occurs  during  sleep.  The  mouth  is  open  and  the  relaxed 
palate  is  thrown  into  vibration  by  the  in-  and  outflowing  air.  The  sound 
is  louder  during  inspiration.  It  is  much  more  liable  to  occur  when  the 
sleeper  is  on  his  back. 

Stertor  or  stertorous  breathing  resembles  snoring.  It  occurs  in 
apoplectic  and  other  comatose  states,  as  cerebral  concussion,  fracture  of 
the  skuU,  epilepsy,  deep  anaesthesia,  alcoholic  stupor,  poisoning  by  opium, 
illuminating  gas,  and  other  narcotics,  pulmonary  oedema,  and  ali  conditions 
in  which  excessive  amounts  of  mucus  or  fluid  are  accumulated  in  the 
bronchi,  and  frequently  in  the  death-agony.  Among  the  varieties  of  ster- 
tor are  buccal,  characterized  by  vibrations  of  the  lips  and  puffing  of  the 
relaxed  cheeks  during  expiration;  pdlaiine^  in  which  the  soft  palate  vibrates 
with  the  in-going  and  out-going  air;  pharyngealf  caused  by  the  sinking 
back  of  the  base  of  the  relaxed  tongue  into  near  relation  with  the  posterior 
wall  of  the  pharynx;  mucous,  the  coarse  snoring  sound  produced  by  the 
churning  of  the  respiratory  air  through  fluid,  such  as  mucus  or  blood  in  the 
trachea  or  larger  bronchial  tubes. 

Stridor  or  stridulous  breathing  is  that  noisy  form  of  breathing  caused 
by  obstruction  in  the  larynx  or  trachea.  This  symptom  may  be  present  in 
croup  and  diphtheria,  ccdema  of  the  glottis,  laryngeal  tumors,  mediastinal 
new  growths,  and  aortic  aneurism.  Stridor  due  to  laryngeal  obstruction  is 
commonly  accompanied  by  aphonia.  It  varies  greatly  in  character,  being 
harsh,  musical,  or  crowing. 

Hiccousrh  is  caused  by  a  sudden  spasmodic  contraction  of  the  dia- 
phragm  accompanied  by  closure  of  the  glottis.  There  is  a  peculiar  abrupt 
sound  and  a  distressing  sensation  of  jerking  in  the  epigastrium.  It  is  due 
to  irritation  of  the  terminal  filaments  of  the  phrenic  nerve,  which  may  be 
direct  or  reflex.  It  may  occur  as  the  result  of  gastric  or  peritoneal  irrita- 
tion or  may  be  the  manifestation  of  a  derangement  of  the  nervous  system. 
Hiccough  is  occasionally  observed  after  excessive  or  injudicious  eating  or 
drinking,  in  gastric  disorders,  peritonitis,  the  so-called  typhoid  state,  and 
unemia.  It  occurs  also  in  hy8t€ria  and  may  constitute  a  pure  neurosis. 
The  hiccough  of  cerebral  disease,  as  hydrocephalus  or  meningitis,  is  doubt- 
less  the  result  of  irritation  of  the  central  origin  of  the  phrenic  nerve.  The 
writer  knows  a  gentleman  in  whom  certain  kinds  of  tobacco  inyariably 
produce  distressing  hiccough,  while  others  can  be  smoked  with  im^unit^« 
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Persistent  and  intractable  hiccough  occasionally  attends  the  closing  day8  of 
fatal  illness  and  in  rare  instances,  occurring  as  a  neurosis,  has  caused  death 
by  exhau8tion. 

Of  ali  the  speci  al  or  modified  respiratory  movements  cough  has  the 
most  important  bearing  upon  diagnosis  and  therefore  requires  more  ex- 
tended  conslderation. 

SIGNIFICANCE  OF  COUGH  IN  DIAGNOSIS. 

Etiolos^lcal  Considerations. — Reflex  Cough. — Cough  in  the  vast  mar 
jority  of  instances  is  the  result  of  reflex  irritation  of  the  terminal  nerve  fila- 
ments  of  the  vagus  distributed  to  the  respiratory  tract.  Irritation  of  the 
murous  membrane  of  the  larynx  above  the  vocal  cords  does  not  produce 
cough  but  causes  gagging,  while  irritation  below  the  cords  gives  rise  to 
cough.  Especially  sensitive  areas  are  the  interarytenoid  space  and  the 
region  of  the  bifurcation,  while  the  general  mucous  membrane  of  the 
trachea  and  bronchi  shows  a  scarcely  inferior  irritability.  Lesions  of  the 
lung  parenchyma  probably  do  not  cause  cough,  though  they  are  usuallv 
connected  with  pathological  conditions  of  the  bronchi.  Pleural  irritation 
is  commonly  attended  by  this  symptom.  The  aspiration  of  a  pleural 
exudate  is  frequently  followed  by  prolonged  and  violent  cough. 

Irritation  of  the  nasal  mucosa,  which  is  supplied  with  8en8ory  nerve- 
twigs  from  the  trigeminus,  may  in  neurotic  individuals  produce  coughing 
with  lachrymation,  as  in  rose  cold,  hay  fever,  and  similar  conditions.  In 
such  porsons  the  slightest  touch  of  the  probe  in  the  sensitive  areas  mav 
provoke  violent  attacks  of  coughing.  Less  common  is  cough  as  a  8ymp- 
tom  of  hvpertrophic,  atrophic,  or  vasomotor  rhinitis  or  of  polypi  or  devia- 
tions  of  the  septum.  The  inhalation  of  dust  or  smoke,  irritating  chemical 
fumes,  as  those  of  ammonia,  bromine,  or  pungent  substances,  as  pepper, 
producos  cough  in  a  normal  respiratory  mucous  membrane.  Violent 
paroxysmal  cough  is  excited  by  the  insufflation  of  a  foreign  body,  as  a 
crumb  or  a  drop  of  liquid,  into  the  larynx  or  through  the  glottis.  The 
common  si^uroe  of  irritation  is  to  be  found  in  a  morbid  condition  of  the 
mucous  membrane  of  the  larynx,  trachea,  or  bronchi.  There  may  be 
mon^lv  infiammation  and  hvpera^sthesia  with  altered  or  deficient  secretion; 
an  exudate  of  varving  consistence,  from  the  thin  fluid  of  bronchorrhoea  to 
tho  tough  masses  of  tenacious  mucus  in  the  early  stages  of  acute  bron- 
chitis;  or  the  solid  bronchial  casts  of  the  terminal  tubules  in  croupous 
pneumonia  or  fibrinous  bronchitis;  or.  finally,  the  material  in  the  bronchi 
mav  be  derived  irom  adjacent  structures  and  consist  of  blood,  as  in  broncho- 
pulmonarv  hemorrhage  or  an  aneurism,  or  pus  from  an  empjema,  a  sub- 
phrenic  abscess.  or  an  abscess  of  the  liver. 

Coocfa  Occars  as  a  Syiiiptoai  in  AU  Forms  of  Rcspirat)ory  Catarrlk — 
In  acute  or  subacute  rhinitis  it  is  often  associated  with  sneezing;  in  laryn- 
gitis  with  hoar^aeness  or  aphonia;  in  tracheitis  or  tracheobrcmehitis  with 
substernal  pain;  in  bronchitis  of  the  larger  tubes  with  tickliiig  aensationfl 
in  the  eariv  stages  and  a  mucopurulent  expectoration  later;  in  bronchitis 
of  the  smaller  tubes  with  dvspnoea  and  a  tendencv  to  cjranoni;  m  pneu- 
OH^nis  with  fever  and  otber  indications  of  acute  illness;  in  niMrinr  iritii  a 
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Btitch  in  the  side.  Cough  is  a  prominent  symptom  in  bronchiectasis  and 
in  ali  diseases,  both  acute  and  chronic,  in  which  the  respiratorj  mucoua 
membrane  is  primarily  in  a  morbid  condition  or  is  irritated  by  the  presence 
of  exudate8  or  discharges  from  the  alveolar  tissues  or  other  sources.  The 
irritation  is  always  mechanical,  often  also  chemical.  Cough  is  therefore  a 
constant  and  suggestive  symptom  in  pulmonary  tuberculosis  in  ali  ita 
forms  and  at  aH  stages  of  its  progress.  Cough  is  at  once  the  reflex  response 
to  the  irritation  and  the  eflfort  to  remove  the  cause  of  the  irritation,  and 
ceases  when  the  effort  is  successful.  The  offending  substance  ejected  ia 
known  as  expectoration,  phlegm,  or  sputum,  or,  in  the  plural,  sputa. 

Exceptionally  there  are  cases  in  which,  with  the  most  pronounced 
8ymptoms  and  signs  of  disease  of  the  lungs,  cough  is  wholly  absent.  Thia 
may  occur  in  the  low  fevers,  th<*  pneumonia  of  drunkards,  the  cachectic, 
or  the  aged,  in  cerebral  disease,  and  shortly  before  death.  The  reflexes  are 
obtunded  and  bronchial  secretion  or  an  exudate,  the  presence  of  which  is 
manifested  by  r&les,  fails  to  excite  cough.  The  sudden  cessation  of  cough 
in  grave  cases  of  pneumonia  or  advanced  phthisis  is  an  ominous  sign» 
Cough  is  sometimes  absent  because  the  bronchial  secretion  is  swept  on^ 
ward  by  the  ciliated  epithelium  to  the  larynx  and  removed  by  hawking. 
If  it  is  then  swallowed,  as  is  a  frequent  occurrence,  not  only  is  cough  absent 
but  also  expectoration. 

Much  less  common  is  cough  due  to  extrarespiratory  irritation.  The 
sufFerera  are  usually  neuropathic. 

Pharyngeal  Cough. — Tickling  of  the  wall  of  the  pharynx  or  the  base  of 
the  tongue,  which  in  most  persons  is  resented  by  gagging,  in  some  is  fol- 
lowed  by  cough.  Lymphoid  growths  in  the  nasopharynx  and  eollections 
of  thick  mucus,  or  the  presence  of  inflammatory  exudate8,  niav  be  the 
cause  of  cough.  Elongation  of  the  uvula  and  paresis  of  the  palate  may 
excite  cough  by  producing  irritation  of  the  posterior  wall  of  the  pharynx„ 
especially  during  recumbency. 

Ear  Cough. — Not  infrequently  parQxysmal  cough  is  produced  by  the 
presence  of  a  foreign  body  in  the  external  auditory  meatus  or  by  disease 
of  that  passage.  The  mere  introduction  of  the  speculum  may  cause  cough 
so  violent  as  to  make  the  examination  most  difficult.  The  afferent  nerve 
is  the  auricular  branch  of  the  pneumogastric  or.  according  to  others,  the 
auriculotemporal  branch  of  the  fifth  nerve. 

Stomach  Cough. — The  popular  explanation  of  certain  forms  of  cough 
as  a  manifestation  of  disorders  of  the  stomach  is  sustained  neither  by 
pathological  nor  experimental  investigation.  The  morning  cough  of  the 
drunkard  is  to  be  accounted  for  by  the  pharyngeal  catarrh  which  accom- 
panies  chronic  alcoholic  gastritis;  of  the  consumptive,  by  lesions  of  the 
lungs  or  larynx,  with  which  secondary  gastric  disorders  are  commonly 
associated.  The  cough  occasionally  observed  in  subacute  catarrhal  gas- 
tritis and  which  disappears  as  the  gastritis  improves  is  due  to  the  asso- 
ciated pharyngitis.  Bronchitis  is  very  common  in  chronic  alcoholism  and 
other  forms  of  ill  health  with  derangement  of  the  gastro-intestinal  tract, 
and  a  careful  investigation  of  the  cases  of  so-called  stomach  cough  will 
almost  alwayB  demonstrate,  with  the  gastric  condition,  associated  leeiona 
of  the  reepiratory  tract  which  account  for  thia  Bymptom. 
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Liver  Cous:h. — This  symptom  is  doubtless  due  to  irritation  of  the 
diaphragmatic  pleura.  It  is  met  with  in  certain  cases  of  hypertrophy  of  the 
liver,  perihepatitiS;  hydatidsy  and  hepatic  and  subphrenic  abscess. 

Disease  or  enlargement  of  the  spleen  may  also  in  rare  cases  be  the 
cause  of  cough. 

Cough  may  exceptionally  be  provoked  by  pressure  in  the  region  of  the 
liver  or  spleen. 

For  some  years  the  writer  had  under  observation  a  čase  of  ventral 
hernia  midway  between  the  tip  of  the  ensiform  cartilage  and  the  umbilicus 
in  the  median  line,  in  which  violent  paroxy8mal  cough  attended  the  pres- 
ence  of  the  tumor  and  immediately  subsided  upon  its  reduction. 

Dentitlon. — Cough  is  not  uncommon  during  the  first  dentition,  with- 
out  manifestations  of  disease  of  the  respiratory  tract.  It  appears  before 
the  eruption  of  the  successive  groups  of  teeth  and  disappears  with  the 
completion  of  the  process. 

Medlastinal  Cous:h. — Mediastinal  tumor  or  abscess,  thoracic  aneurism, 
enlarged  bronchial  glands,  and  caries  of  the  dorsal  vertebra?  are  occasional 
causes  of  persistent  and  troublesome  cough.  Massive  hypertrophy  or  great 
dilatation  of  the  heart  is  also  in  some  instances  accompanied  by  cough. 

Nervous  Cough. — The  diagnosis  of  nervous  cough  is  only  to  be  made 
when,  in  default  of  direct  signs  or  symptoms  or  by  exclusion,  the  absence 
of  disease  of  the  respiratory  organs  or  other  lesions  recognized  as  the  cause 
of  this  symptom  can  be  established.  Not  rarely  cough  is  the  only  direct 
manifestation  of  a  bronchitis  or  pulmonary  tuberculous  process  in  which, 
for  the  time  being,  the  ordinary  physical  signs  are  lacking.  It  often  hap- 
pens  that  the  diagnosis  of  nervous  cough  is  made  when  the  inten8ity  and 
persistence  of  the  cough  is  altogether  out  of  proportion  to  its  actual  phy^ical 
cause,  as  is  common  in  neurotic  individuals.  Nevertheless  in  some  cases 
cough  m  ust  be  recognized  as  a  purely  nervous  phenomenon.  There  are 
persons  who  cough  whenever  their  feet  are  chUled  or  a  cold  air  blows 
upon  an  exposed  part  of  the  body.  Paroxysmal  cough  of  purely  nervous 
nature  is  not  uncommon  in  both  8exes  at  puberty.  Cough  is  one 
of  the  multitudinous  symptoms  of  hysteria.  Under  certain  conditions 
cough  may  occur  in  neurotic  individuals  in  consequence  of  disease  or  irri- 
tation of  the  mammae  or  of  the  genital  organs  in  either  8ex.  It  has  been 
shown  that  cough  may  be  excited  by  irritation  of  the  floor  of  the  fourth 
ventricle  above  the  centre  for  respiration.  Whether,  under  pathological 
conditions,  a  true  "cen trie  cough*'  occurs  is  open  to  question.  Irritation 
of  a  "cough  centre''  has  been  invoked  to  explain  hysterical  and  other 
coughs  of  purely  nervous  origin. 

Clinical  Varieties  of  Cous:h. — The  character  of  the  cough  is  of  impor- 
tance  in  diagnosis.  It  is  modified  according  to  the  seat  of  the  irritation, 
whether  respiratory  or  extrarespiratory;  by  the  anatomical  strueture 
involved,  as  the  larynx,  bronchi,  pleura;  by  the  amount  and  consistence 
of  the  irritating  substance;  and  by  the  constitutional  peculiarities  of  the 
patient.    The  following  forms  demand  especial  consideration : 

Dry  Cough. — Patients  themselves  recognize  the  distinction  between 
dry  and  moist  cough.  Cough  due  to  irritation  of  the  respiratorj  mucoua 
membrane  is  dry  when  it  ocouis  in  the  abeence  of  secretion  or  if  the 
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tion  is  tough,  tenacious,  and  not  readily  dislodged.  Extrarespiratory 
cough — so-called  "  reflex  cough*' — is  dry.  The  sound  is  hacking,  barking,  or 
ringing  and  is  not  accompanied  by  expectoration.  Dry  cough  is  frequently 
spoken  of  as  "  unproductive/'  It  occurs  in  the  early  stage  of  acute  bron- 
chitis,  bronchial  asthma,  influenza,  pneumonia,  and  pleurisy,  in  afifections 
of  the  upper  air-passages,  phthisis,  and  pertussis.  This  is  the  cough  which 
is  excited.by  the  inhalation  of  foreign  bodies,  irritating  fumes,  or  dust,  and 
by  extrarespiratory  causes.  It  results  from  pleural  irritation  and  is 
encountered  in  pleurisy  with  fibrinous  exudate  and  upon  the  withdrawal 
of  an  efTusion. 

Loose  or  Moist  Cous:h. — This  cough  is  associated  with  sounds  indl- 
cating  the  part  played  by  fluid  in  the  mechanism  of  its  production.  It 
difTers  from  dry  cough  not  only  in  its  acoustic  characters  but  also  in  the 
occurrence  of  expectoration.  It  is  "productive."  Loose  cough  occurs  in 
the  later  stages  of  acute  bronchitis,  influenza,  and  pneumonia;  toward  the 
close  of  the  paroxysms  of  whooping-cough  and  asthma;  in  chronic  bron- 
chitis, tronchiectasis,  and  pulmonary  gangrene;  in  advanced  phthisis; 
and  in  aH  conditions  attended  by  moderate  or  abundant  bronchial  secretion. 

Constant  and  Recurrent  Cough. — Adjectives  such  as  constant,  per- 
sistent,  recurrent,  designate  peculiarities  of  the  cough  dependent  upon 
the  persistence  or  recurrence  of  its  cause.  So-called  nervous  cough  is 
usually  persistent;  also  the  cough  which  attends  diseases  of  the  upper  air- 
passages  and  acute  bronchitis  and  that  of  bronchorrhcea.  On  the  other 
hand,  in  chronic  bronchitis,  especially  when  there  is  bronchial  dilatation, 
the  cough  is  apt  to  occur  paroxysmally  at  varying  intervals.  The  expec- 
toration  of  a  large  amount  of  matter  is  followed  by  relief.  After  a  time 
the  secretion  reaccumulates,  a  mere  overflow  into  the  bronchi  on  change 
of  posture  excites  cough,  and  the  process  is  repeated.  This  form  of  cough 
attends  the  later  stages  of  phthisis  with  large  vomicae  and  occurs  in  some 
cases  of  empyema  with  bronchopulmonary  fistula.  Recurrent  cough  is 
very  common  in  chronic  bronchitis  and  phthisis;  it  constitutes  the  "  morn- 
ing  cough''  of  these  conditions.  The  secretion  accumulates  slowly  during 
sleep  without  exciting  irritation.  On  waking,  the  patient  moves,  the 
accumulated  material  shifts  its  position  a  little,  the  bronchial  reflex  is 
brought  into  play,  cough  results  and  continues  until  the  ofTending  mass  is 
expelled. 

Paroxysnial   Cous:h. — Recurrent  cough  is  not  necessarily  paroxysmal, 

and  paroxysmal  cough  for  the  time  may  be  constant.    The  word  paroxysm 

conveys  the  idea  of  suddenness  and  intensity.    Such  is  the  cough  of  acute 

inflammatory  conditions;  that  caused  by  foreign  bodies  in  the  air-passages, 

the  insufflation  of  šaliva,  and  the  like;  by  the  periodical  flooding  of  the 

bronchi  with  the  abundant  contents  of  the  cavities  in  phthisis,  bronchial 

dilatation,  pulmonary  abscess,  or  gangrene;    and  finally  that  of  pertussis. 

The  paroxysm  recurs  at  intervals  varying  from  an  hour  or  less  to  once  a 

day  or  longer.     In  the  čase  of  cavities  or  a  bronchial  fistula  in  empyema 

the  interval  is  determined  by  the  accumulation;  in  pertussis  by  the  inten- 

8ity  of  the  neurosis.     In  the  latter  condition  the  cough  is  characteristic. 

Into  its  production  two  factors  enter:   an  abundant  tenacious  mucus  and 

a  pathological  nervous  excitability.     After  a  long  inspiration^  the  ex^v:^ 
30 
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tory  cough-eflforts  succeed  each  other  with  such  rapidity  that  inspiration 
is  partial  or  absent  until  at  last  a  prolonged  inspiration  takes  plače  which, 
by  reason  of  the  spasmodic  contraction  of  the  glottis,  is  attended  by  a 
harsh,  crowing  sound  or  whoop;  hence  the  common  term  whooping-cough. 
A  somewhat  similar  inspiratory  whoop  sometimes  attends  the  paroxysmal 
cough  of  other  diseases,  but  so  infrequently  that  in  the  vast  majority  of 
cases  the  phenomenon  justifies  the  diagnosis  of  whooping-cough.  The 
differential  diagnosis  involves  consideration  of  the  age  of  the  patient,  the 
presence  or  absence  of  an  epidemic,  history  of  expo8ure,  the  duration  and 
course  of  the  attack,  and  the  presence  or  absence  of  lesions  capable  of 
causing  violent  paroxysmal  cough  other  than  that  of  pertussis.  The  cough 
which  attends  enlargement  of  the  bronchial  glands,  mediastinal  tumor, 
caries  of  the  dorsal  vertebrae,  enlargement  of  the  heart,  and  pericardial 
efFusion  is  paroxysmal  and  dry.  Quite  often  it  has  the  laryngeal  character. 
Very  violent  paroxysms  of  cough  frequently  result  in  retching  and  vomit- 
ing  and,  as  a  result  of  the  venous  congestion  from  intrathoracic  pressure, 
in  hemorrhage  from  mucous  surfaces  or  into  the  skin. 

Croupy  Cou8:h. — A  dry  cough,  described  as  metallic,  ringing,  or  croupy, 
is  characteristic  of  laryngeal  irritation.  The  voice  is  usually  hoarse  or 
aphonic,  though  it  may  be  unimpaired.  The  laryTigeal  cough  occurs  in 
simple  or  exudative  laryngitis,  spasm  of  the  larynx,  from  the  inhalation  of 
smoke  or  dust,  as  the  result  of  the  irritation  produced  by  foreign  bodies 
in  the  larynx,  and  in  tuberculous,  syphilitic,  or  cancerous  ulceration. 
The  cough  of  hysteria  is  usually  laryngeal  in  character,  though  upon  laryn- 
goscopical  examination  neither  swelling  nor  paralysis  may  be  present. 
It  is  described  by  such  adjectives  as  barking  or  croaking  and  resembles 
other  hysterical  manifestations  by  the  readiness  with  which  it  may  be 
voluntarily  produced.  A  barking  laryngeal  cough,  in  the  absence  of  swell- 
ing  of  the  laryngeal  mucosa  or  paralysis  of  the  vocal  cords  or  of  lesions 
directly  or  indirectlv  involving  the  recurrent  laryngeal  nerves,  is  commonly 
.  hysterical. 

Suppressed  Cough.  —  Voluntary  efTorts  to  suppress  cough  are  made 
under  circumstances  in  which  the  sound  of  the  cough  is  likely  to  annoy 
others  and  when  the  act  is  attended  by  pain,  as  in  pleuri8y,  acute  perito- 
nitis,  and  some  forms  of  acute  bronchitis.  The  suppressed  cough  is  usually 
lacking  in  tone,  and  is  explosive  and  persistent. 

Undeveloped  Cough. — Incomplete  eflforts  at  cough,  unattended  by 
the  characteristic  sound,  are  observed  in  cases  of  destructive  ulceration 
or  paralysis  of  the  vocal  cords  or  of  partial  paralysis  of  the  expiratory 
muscles.  This  form  of  cough  is  encountered  in  laryngeal  phthisis,  in  pa- 
tients  suffering  from  bulbar  paralvsis,  in  enormous  ascites  or  abdominal 
tumors,  and  in  conditions  attended  with  extreme  debility,  especially  the 
later  stages  of  croupous  and  bronehopneumonia,  chronic  bronchitis, 
puhnonarv  (rdenm,  and  consumption. 

In  the  niajority  of  instances  the  diagnostic  signifieance  of  the  symp- 
tom  cough  is  direct  and  obvious.  It  is  the  indication  of  disease  affecting 
the  respiratorv  organs,  manifested  more  or  less  fully  by  concurrent  signs 
and  symptoms;  in  a  far  smaller  proportion  of  cases  its  signifieance  is 
remote  and  obscure  and  only  to  be  learned  by  close  and  sjstemalic  8tudy 
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of  the  various  organs  or  parts  to  derangements  of  which  it  may  be  due. 
Important  among  these  derangements  are  diseases  of  the  intrathoracic 
circulatory  organs,  mediastinum,  ears,  teeth,  and  noše,  some  nervous  afifec- 
tions,  and  the  neurotic  constitution.  To  this  list  must  be  added  malinger- 
ing,  since  cough  may  be  a  voluntary  act. 

THE  EXPECTORATION  OR  SPUTUM. 

These  terms  are  applied  to  material  voided  by  coughing  or  hacking. 
The  expectorated  substance  is  usually  a  secretion  or  exudate  derived  from 
the  mucous  membrane  of  the  noše,  pharynx,  larynx,  or  bronchial  tubes,  or 
from  the  alveoli.  It  may  consist  of  pus,  which  finds  its  way  into  the  air- 
passages  from  an  abscess  or  an  empyema,  or  of  blood  from  the  piilmonary 
vessels  or  an  aneurism.  \Vith  these  substances  are  frequently  admixtures 
of  food,  drink,  and  the  secretions  of  the  mouth.  Macroscopic  and  micro- 
scopic  foreign  bodies  which  have  found  their  way  into  the  respiratory 
passages  are  usually  voided  in  the  sputa. 

Any  of  these  substances  may  be  present  and  not  expectorated.  In* 
fants  and  young  children  almost  always  swallow  the  sputa  and  older 
persons  frequently  do  so  as  a  habit  or  from  inability  to  expectorate  or  in 
abnormal  mental  states. 

The  naked-eye  examination  of  the  expectorated  matter  is  frequently 
of  great  use  in  diagnosis;  the  microscopic  examination  is  often  essential. 
For  the  ordinary  bed-side  examination  a  considerable  quantity  of  the 
sputum  should  be  coUected,  preferably  in  a   transparent  glass  spit-cup. 

The  qu«ntity  of  the  sputum  varies  according  to  the  nature  of  the  path- 
ological  process.  Persistent  and  distressing  cough  may  yield  only  an 
occasional  small  tough  mass  of  tenacious  material,  as  in  dry  bronchitis  or 
beginning  phthisis.  In  other  patients  an  occasional  speli  of  coughing 
may  bring  up  enormous  quantities  of  material,  as  in  some  forms  of  chronic 
bronchitis,  bronchiectasis,  advanced  phthisis,  pulmonary  cedema,  and 
haemoptysis.  The  amount  of  pus  expectorated  in  empyema  with  broncho- 
pulmonary  fistula  may  exceed  1000  c.c.  in  twenty-four  hours. 

The  consistence  bears  some  relation  to  the  amount.  An  abundant 
expectoration  is  usuallv  more  fluid  than  a  8canty  one.  Sputum  composed 
of  blood,  pus,  or  a  serous  fluid  is  always  thin;  that  consisting  of  mucus  or 
mucopus  usually  thick  and  frequently  tough  and  tenaeious. 

The  reaction  of  fresh  sputum  is  commonly  alkaline.  After  standing 
for  some  hours  in  the  cup,  the  sputum  yields  an  acid  reaction — a  change 
due  to  decomposition  processes  caused  by  bacteria. 

The  color  and  tnuislaceiicy  vary  with  the  nature  of  the  disease. 
Mucous  expectoration  may  be  transparent  and  thin,  resembling  šaliva  in 
consistency,  or  much  thicker  and  stili  transparent.  In  proportion  as 
cellular  elements  are  present  the  sputum  becomes  thick  and  opaque, 
assuming  the  yeIlowish  or  greenish-yellow  hue  of  pus.  The  gradations  are 
expressed  by  the  terms  mucous,  mucoid,  mucopurulent,  and  purulent  ex- 
pectoration.  Serous  expectoration  is  U8ually  clear  and  transparent,  some- 
times  slightly  tinged  with  blood.  It  is  thin,  frothy,  and  abundant,  and 
oecurs  in  oedema  of  the  lungs  and  in  the  rare  cases  of  perforatloiv  <^1  ^ 
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serous  pleural  exudate.  The  albuminous  expectoration  wliich  exception- 
ally  follows  the  aspiration  of  a  pleural  exudate  is  also  thin,  colorless,  and 
abundant.  The  color  is  red  when  the  sputum  is  admixed  with  blood. 
The  proportion  varies  from  pure  blood  to  a  mere  trace  sufficient  to  impart 
a  faint  pink  tinge.  Hemorrhagic  sputum  occurs  in  traumatism  of  the 
lungs,  in  the  blood-spitting  of  tuberculosis,  in  pulmonary  infarct,  and  in 
croupous  pneumonia.  It  is  also  present  in  cases  of  gangrene  of  the  lung, 
tumor  of  the  lung,  and  intense  pulmonary  congestion.  The  "rustv 
sputum'*  of  pneumonia  owes  its  varying  shades  of  color  to  derivatives  of 
the  blood-coloring  matter.  In  rare  instances  the  sputum  of  pneumonia 
is  lemon-yenow  or  grass-green.  These  variations  suggest  the  changes  in 
color  that  take  plače  in  the  subcutaneous  blood  extravasation8  following 
a  bruise.  In  the  adynamic  and  septic  forms  of  croupous  pneumonia  and, 
more  rare!y,  in  gangrene  of  the  lungs  the  expectoration  is  fluid  and  dark 
colored.  This  form  of  sputum  is  described  as  "prune-juice"  expectoration. 
The  sputum  in  malignant  disease  of  the  lungs  is  often  viscid,  tenacious, 
and  of  a  bright  red  color.  This  is  the  "currant-jelly''  sputum  of  authors. 
A  stili  more  objectionable  term  is  "anchovy-sauce"  sputum — a  term 
applied  to  brownish-red  sputum  such  as  is  seen  in  rupture  of  a  liver  abscess 
through  the  lungs,  the  peculiar  appearance  of  which  is  due  to  the  mixture 
of  altered  blood,  pus,  and  bile. 

Blood-streaked  sputum  may  occur  in  the  following  conditions: 
violent  cough,  acute  bronchitis,  or  disease  of  the  mitral  valves.  It  inay 
result  from  the  admixture  of  blood  from  the  mouth,  as  in  the  čase  of 
8curvy  and  other  forms  of  inflammation  of  the  gums  with  bleeding,  or 
of  ulceration  of  the  tonsils  or  pharynx,  or  from  the  oozing  of  blood  from 
an  aortic  aneurism  into  a  bronchus.  It  occurs  also  in  acute  broncho- 
pneumonia  and  plastic  bronchitis.  It  is  very  often  observed  a  day  or  two 
after  an  attack  of  hapmoptysis.  Under  these  circumstances  the  streaks  or 
masses  of  blood  are  clotted  and  dark.  Blood-streaked  sputum  is  not 
uncommon  during  the  course  of  pulmonary  phthisis. 

Yello\v  or  green  sputa  can  only  be  regarded  as  deriving  their 
color  from  altered  bile  pigment  when  icterus  or  at  least  yellowness  of  the 
conjunctiva  and  biliary  pigment  in  the  urine  are  actually  present.  Icteric 
sputum  may  occur  not  onlv  in  pneumonia  complicated  with  jaundice  but 
also  in  anv  form  of  lung  disease  in  a  patient  sufFering  from  jaundice.  A 
})eculiar  brownish  tint  is  sometimes  seen  in  the  sputum  in  cases  of  chronic 
valvular  disease.  It  is  due  to  the  presence  of  amorphous  pigment  in  the 
epithelial  cells.  The  brownish  sputum  sometimes  seen  in  pulmonary  abscess 
and  other  destructive  procosses  involving  the  lung  owe8  its  color  to  the 
presence  of  hivmatoidin  crvstals.  which  are  also  the  source  of  the  coloring 
matter  in  the  ochre-yellow  purulent  sputum  of  liver  abscess  with  perfor- 
ation  into  the  lung.  Greenish  sputum  is  sometimes  encountered  in  sarcoma 
of  the  lungs  and  very  rarelv  in  carcinoma.  Remarkable  coloration  follows 
the  habitual  inhalation  of  certain  dust-particles.  Black  sputum  is  common 
in  those  who  breathe  an  atmosphere  laden  with  coal-dust  or  soot.  The 
pigment  particles  are  onlv  to  a  limited  extent  free  in  the  sputum;  much 
more  commonlv  thev  are  enclosed  in  round  or  ovci  cells  which  are  in  pari 
epitbehal,  in  part  leucocvtes. 
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The  color  of  the  sputum  varies  in  difFerent  forms  of  pneumonoconiosis. 
In  anthracosis  it  is  often  of  an  intense  black;  in  the  siderosis  of  mirror 
polishers  it  may  be  ochre-red;  worker8  in  lapis  lazuli  may  have  a  blue 
sputum,  and  so  on.  The  dust  partides  which  are  expectorated  are  those 
recently  inhaled  which  have  not  yet  penetrated  to  the  lung  parenchyma, 
as  is  shown  by  the  fact  that  the  color  disappears  from  the  sputum  in  the 
course  of  a  short  tirne  after  the  workman  has  abandoned  his  occupation. 
If  however  the  color  persists  or  returns  after  a  time,  it  is  the  sign  of  a 
destructive  process,  usually  tuberculous.  Various  colors  may  be  imparted 
to  the  sputum  by  articles  of  food  or  drink,  as  milk,  wine,  coflfee,  or  medi- 
cines.  Finally  after  the  sputum  has  been  ejected  it  may  undergo  color 
changes  in  consequence  of  the  growth  of  chromatogenous  bacteria  and 
thus  become  blue,  green,  yellow,  or  red.  The  Bacillus  pyocyaneus  may 
be  the  cause  of  a  blue  discoloration  of  the  sputum. 

Air. — Air  in  the  sputum  is  shown  by  the  presence  of  minute  bubbles. 
The  quantity  depends  upon  circumstances.  It  is  greater  in  sputum  from 
the  finer  than  in  that  from  the  larger  tubes,  in  sputum  of  thin  than  in  that 
of  thick  and  tenacious  consistency,  and  in  the  sputum  which  is  largely 
composed  of  mucus  than  in  that  which  is  chiefly  pus.  A  little  water  in 
the  spit-cup  enables  us  to  estimate  the  relative  amount  of  air,  as  it  affects 
the  specific  gravity;  sputa  which  float  contain  air;  those  which  sink  do  not. 
The  sputa  of  phthisis  and  bronchitis  often  present  the  appearance  of  flat 
circular  or  coin-shaped  masses — the  so-called  "nummular  sputa'* — or  the 
masses  may  be  globular;  they  are  commonly  grayish-white  and  sink  in  water; 
sometimes  they  are  buoyed  up  by  the  small  bubbles  of  air  which  they  contain. 

Stratification. — Layer  formation  takes  plače  in  the  collected  sputa 
of  chronic  bronchitis  with  abundant  expectoration — bronchorrhcea — of 
bronchiectasis,  putrid  bronchitis,  and  gangrene  of  the  lungs.  The  material 
is  of  thin  consistence  and  abundant.  As  a  rule  it  collects  in  three  well- 
defined  layers  which  can  be  studied  by  the  use  of  a  glass  spit-cup.  The 
upper  stratum  contains  air  and  is  often  frothy,  the  middle  is  fluid  and 
consists  of  mucus  or  pus-serum,  and  the  lower  is  sedimentary  and  made  up 
of  pus  corpuscles,  molecular  lung  detritus,  and  shreds  of  necrotic  tissue. 

Oder. — The  odor  of  fresh  sputum  has,  under  ordinary  circumstances, 
nothing  characteristic.  Speedy  decomposition  renders  it  ofTensive.  The 
sputum  of  putrid  bronchitis,  bronchiectasis,  gangrene  of  the  lung,  and 
perforating  empyema  is  always  heavy  and  fetid;  frequently  horribly 
offensive.  In  abscess  of  the  lung  and  in  many  cases  of  advanced  phthisis 
also  it  is  offensive.  The  foulness  is  imparted  to  the  expired  air,  which 
not  infrequently  is  even  more  obnoxious  than  the  sputum.  It  is  probable 
that  in  the  cases  of  pulmonary  consumption  in  which  the  sputum  and 
breath  are  foul  there  is  already  cavity  formation,  though  too  small  in  some 
instances  to  be  recognized  by  the  methods  of  phy8ical  diagnosis,  in  which 
the  secretion  collects  and  undergoes  decomposition.  Very  often  the  odor  is 
imparted  to  the  breath  by  offensive  material  in  the  crypts  of  the  tonsils  or 
by  decaying  teeth  or  other  necrotic  material  in  the  mouth — a  fact  that 
cannot  in  aH  cases  be  established  by  the  use  of  deodorizing  mouth  washe8, 
since  they  act  only  upon  the  surfaces  with  which  they  come  in  contact 
and  cannot  reach  deeply-8eated  tissues  from  which  the  odor  na«.^  ^t^^^»^. 
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Other  Macroscopical  Characters  of  the  Sputum.  —  Very  often  the 
expectorated  material  presents  a  homogeneous  appearance,  as  is  the  čase 
with  mucus,  pus,  blood,  etc.  Occasionally,  on  the  other  hand,  the  matter 
expectorated  at  different  times  varies  in  appearance  and  not  infrequently 
a  single  mass  consists  partly  of  mucus  and  partly  of  pus,  or  of  these  sub- 
stances  with  masses  of  blood.  The  purulent  expectoration  of  an  empyema 
or  a  pulmonary  abscess  is  sometimes  flaky  or  thready,  best  shown  when 
the  sputum  is  suspended  in  water.  The  naked-eye  characters  of  the  sputum 
may  be  conveniently  studied  by  pouring  a  small  quantity  upon  a  plate  or 
slab  of  which  half  is  black,  the  other  half  white,  or  placing  a  specimen 
between  two  glass  plates  and  examining  it  over  a  white  and  black  back- 
ground  altemately.  A  hand  lens  may  be  used  and  particular  objects 
removed  for  microscopical  exttmination.  Minute,  dirty  gray  masses  of 
necrotic  lung  tissue  containing  elastic  fibres  may  be  detected  in  the  spec-^ 
imen  in  gangrene  and  abscess  of  the  lung  and  in  the  later  stages  of  phtfaisis; 
fragments  of  necrotic  cartilage  in  destructive  processes  involving  the 
bronchi,  the  trachea,  or  the  larynx,  and  in  rare  cases  shreds  of  tissue  from 
tumors  of  the  bronchi  or  lungs.  Minute,  dirty  white  or  yellowish  masses, 
in  some  instances  constituting  casts  of  the  smaller  bronchial  tubes,  are 
seen  in  fetid  bronchitis  and  gangrene  of  the  lungs.  These  masses  consist 
of  aggregations  of  bacteria  and  crystals  of  the  fatty  acids.  They  have  an 
intensely  disagreeable  odor.  Similar  masses  may  be  expectorated  in  lacu- 
nar  tonsillitis  and  are  sometimes  present  in  the  crypts  of  the  tonsils  in 
the  absence  of  inflammation.  Curschmann's  spirals  are  visible  to  the  naked 
eye  and  may  be  studied  with  the  lens.  They  consist  of  twisted  masses 
which  may  reach  1  or  even  2  cm.  in  length  and  have  a  diameter  of  about  1 
mm.  These  masses  are  made  up  of  a  highly  refractive  central  undulating 
core  or  thread  around  which  are  coiled  spiral  filaments  which  are  sometimes 
branching.  The  central  core  was  at  one  time  thought  to  be  fibrinous,  but 
has  more  recently  been  shown  to  consist  of  a  substance  analogous  to  mucin. 
These  spirals  are  formed  in  the  finest  bronchial  tubes  as  the  product  of  an 
exudative  bronchiolitis,  and  as  this  pathological  process  is  frequently 
associated  with  bronchial  asthma  the  spirals  are  very  often  found  in  that 
disease  and  in  well-marked  cases  are  sometimes  present  in  great  numbers. 
The  association,  however,  is  by  no  means  constant;  cases  of  asthma  are 
occasionally  encountered  in  which  no  spirals  can  be  found  in  the  sputum, 
and  the  spirals  are  sometimes  present  in  the  expectoration  of  cases  of 
bronchitis  unattended  by  asthmatic  symptoms.  Curschmann^s  spirals 
occasionally  appear  also  in  the  sputum  of  croupous  pneumonia  and  are 
then  seen  to  be  in  strong  contrast  with  the  fibrinous  casts  of  the  bronchioles 
which  occur  in  that  disease.  They  have  also  been  encountered  in  the 
sputum  of  pulmonary  phthisis.  Microscopically,  leucocytes,  notably 
eosinophiles,  epithelial  cells,  and  Charcot-Leyden  crystals  are  found  en- 
tangled  in  the  spirals.  ^ 

Fibrinous  coagula,  recognizable  by  their  white  or  grayish-white  color, 
tough  consistence,  and  characteristic  form,  are  found  in  the  sputum  under 
varying  pathological  conditions.  They  are  usually  coughed  up  in  masses 
surrounded  with  mucus  and,  when  of  great  size,  with  difficulty.  In  diph- 
tberia  fibrinous  pseudomembrane  is  expectorated,  sometimes  in  irregu- 
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lar  masses,  sometimes  as  a  fibrinous  mould,  more  or  less  incomplete,  of  the 
larynx  or  trachea.  When  the  diphtheritic  exudate  extends  to  the  bronchi, 
branching  casts  are  sometimes  coughed  up.  These  casts  may  be  easily 
recognized  in  the  sputum  and  are  of  great  importance  both  in  diagnosis 
and  prognosis.  Fibrinous  casts  are  common  in  croupous  pneumonia,  in 
the  sputum  of  which  they  are  frequently  present  in  great  numbers.  They 
can  be  readily  seen  when  the  sputum  is  shaken  with  water  in  a  test-tube, 
or  when  the  masses  of  mucus  in  which  they  are  embedded  are  shaken  out 
in  water  with  a  forceps.  In  pneumonic  sputum  the  fibrinous  casts  are 
small.  Similar  casts  consisting  chiefly  of  mucus  are  characteristic  of 
so-called  fibrinous  or  croupous  bronchitis  and  provoke  the  intense  paroxys- 
mal  cough  of  that  disease. 

Foreign  bodies  that  have  found  their  way  into  the  air-passages  by 
aspiration  are  usually  expectorated  promptly.  They  may,  however, 
remain  in  a  bronchus  for  a  long  time  and  give  rise  to  symptoms  of  vary- 
ing  intensity.  Instances  are  recorded  in  which  a  tooth,  cherry-pits  and  other 
seeds,  a  beard  of  wheat,  etc,  have  been  expectorated  after  periods  of 
months  or  years.  Bronchial  concretions,  consisting  in  the  main  of  Ume 
salts  and  sometimes  of  considerable  size,  are  in  rare  instances  found  in 
the  sputum.  They  occur  only  in  chronic  conditions  and  are  formed  in 
the  cavities  of  phthisis  and  bronchiectasis,  or  consist  of  fragments  of 
bronchial  glands  that  have  undergone  calcareous  degeneration  and  found 
their  way  into  the  bronchial  system.  Even  more  rare  is  the  presence  in 
the  sputum  of  echinococcus  daughter  cysts,  membranes,  or  hooklets, 
which  have  found  their  way  from  the  lung,  pleura,  or  the  liver  into  the 
bronchi. 

The  Sputum  in  Different  Diseases. 

Bronchitis. — The  sputum  is  usually  mucoid  and  mucopurulent.  As  a 
rule,  at  the  beginning  of  an  acute  bronchial  catarrh  the  bronchial  secretion 
is  diminished  and  the  sputum  scanty.  In  the  course  of  some  dayS;  as  the 
symptoms  ameliorate,  the  expectoration  becomes  more  abundant,  less 
tenaciouS;  and  distinctly  purulent.  As  the  general  symptoms  improve 
there  is  a  gradual  diminution  in  the  quantity  of  the  sputum.  In  chronic 
bronchitis  the  expectoration  varies  greatly;  sometimes  it  is  more,  some- 
times less  purulent.  The  subjective  sensations  of  the  patient  are  usually 
better  when  the  sputum  is  of  moderate  amount,  worse  when  the  expec- 
toration  is  suppressed  or  greatly  increased  in  quantity  (see  bronchitis). 

Fibrinous  or  Croupous  Bronchitis. — The  sputum  differs  from  that  of 
ordinary  bronchitis  in  that  from  time  to  time  it  contains  fibrinous  casts 
associated  with  blood.  Charcot-Leyden  crystals  are  also  present.  The 
expectoration  of  the  larger  casts  very  often  takes  plače  after  distressing 
cough,  recurring  in  paroxysms  which  are  separated  by  periods  of  urgent 
dyspnoDa. 

Pulmonary  Tul>erculosis. — The  sputum  of  tuberculosis  presents  to 
the  naked  eye  nothing  characteristic.  AH  varieties  of  sputum  that  occur 
in  ordinary  bronchitis,  from  mucous  to  purulent,  occur  in  phthisis.  In 
advanced  ulcerative  phthisis  purulent  expectoration  is  often  constant  and 
abundant.     For  the  provisional  diagnosis  the  presence  of  the  miniitA 
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grayish  masses  which  frequently  contain  colonies  of  tubercie  bacilli  is 
important.  Very  often  the  sputum  has  an  offensive  odor;  this  is  espe- 
cially  the  čase  when  there  are  cavities,  the  contents  of  which  undergo 
stagnation  and  decomposition.  A  positive  diagnosis  rests  upon  the  pres- 
en ce  of  tubercie  bacilli  and,  in  the  absence  of  other  destructive  pulmonary 
lesions,  the  presence  of  elastic  fibres.  It  is  important  for  the  študent  to 
bear  in  mind  that  there  is  no  constant  relation  between  the  abundanee  of 
these  morphological  elements  and  the  intensity  of  the  process,  therefore 
the  gravity  of  the  prognosis.  There  are  cases  of  pulmonary  tuberculosis 
of  the  gravest  character  in  which  neither  tubercie  bacilli  nor  elastic  fibres 
are  found.  Very  often  these  are  cases  of  phthisis  florida  or  of  disseminaied 
miliary  tuberculosis  in  which  the  constitutional  symptoms  develop  in  ad- 
vance  of  the  local  manifestations.  The  abundant  catarrhal  secretion,  so 
common  in  unfavorable  cases,  proportionately  diminishes  the  number  of 
tubercie  bacilli  present  in  single  specimens.  On  the  other  hand  tubercie 
bacilli  and  elastic  fibres  are  frequently  found  in  the  early  stages  at  a  period 
when  the  physical  examination  of  the  lung  yields  vague  and  uncertain  signs. 
The  diminution  or  temporary  disappearance  of  tubercie  bacilli  and  elastic 
fibres  from  the  sputum  cannot  be  regarded  as  indicating  a  favorable  prog- 
ress  of  the  čase  in  the  absence  of  the  general  clinical  indications  of  an  arrest 
of  the  process,  such  as  diminished  cough,  improved  appetite,  gain  in  weight, 
and  disappearance  of  fever.  In  a  suspected  čase  the  presence  of  tubercie 
bacilli  in  the  sputum  justifies  a  positive  diagnosis.  Their  absence  cannot 
be  regarded  as  conclusive  until  repeated  examinations  have  been  made. 

Acute  Miliary  Tuberculosis. — The  sputum  is  that  of  ordinary 
catarrhal  bronchitis  and  does  not  contain  tubercie  bacilli  except  when 
there  is  an  associated  ulcerative  phthisis.  In  a  large  proportion  of  the 
cases  there  is  no  expectoration. 

Croupous  Pneumonia. — Hemorrhagic  sputum  is  characteristic.  Blood- 
spitting  may  be  the  initial  symptom.  At  first  the  sputum  is  commonly 
mucoid,  transparent  and  homogeneous;  after  twenty-four  hours  it  is 
blood-tinged  and  viscid  so  that  it  adheres  to  the  bottom  of  the  spit-cup 
when  turned  upside  down,  and  sometimes  has  to  be  wiped  from  the  lips 
or  face  of  the  patient.  At  first  red  from  unchanged  blood-coloring  matter 
it  gradually  becomes  rusty  or  orange-yellow  in  color.  Occasionally  the 
sputa  are  variable;  sometimes  mucoid,  sometimes  blood-streaked,  at 
other  times  pure  blood.  When  jaundice  is  present  the  sputum  may  be 
green  or  yellow  from  the  presence  of  bile  pigment.  Very  commonly  the 
sputum  contains  fibrinous  casts  of  the  smaller  tubes.  If  there  is  an  asso- 
ciated bronchitis  of  the  smaller  tubes  the  typical  pneumonic  sputum  may 
be  modified  by  the  presence  of  mucus  or  mucopus.  Fluid  sputum  of  a 
dark  brown  color — the  so-called  "prune-juice"  expectoration — is  an 
unfavorable  sign  since  it  may  indicate  a  beginning  oedema  of  the  lungs. 
In  some  instances  a  diminished  consistency  of  the  sputum  marks  the 
beginning  of  resolution.  The  amount  of  sputum  in  croupous  pneumonia 
is  very  variable.  In  children  and  the  aged,  and  in  adynamic  cases,  there 
may  be  none,  and  exceptionally  it  may  be  scanty  in  classical  cases  in  adults. 
A  quantity  amounting  to  200-600  c.c.  in  twenty-four  hours  is  not  imcom- 
moD.    The  amount  after  the  crisis,  abundant  at  first,  graduaUy  diminishas. 
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In  some  cases  there  is  at  this  period  little  or  no  expectoration.  Under 
the  microscope  are  seen  leucocytes,  erythrocytes,  mucous  corpuscles,  epi- 
thelial  cells,  and  occasionally  hsematoidin  crystals.  The  pneumococcus  of 
Weichselbaum  and  Frankel  is  present  in  the  vast  majority  of  cases,  and 
sometimes  Friedlander's  bacillus.  Fibrinous  casts  of  the  bronchioles  and 
moulds  of  the  alveoli  are  not  uncommon.  Chemical]y  the  expectoration  is 
particularly  rich  in  sodiiim  chloride. 

Bronchopneumonia,  Including:  Aspiration  Pneumonia  and  Hypo- 
statlc  Pneumonia. — The  sputum  usually  presents  the  appearance  of  the 
ordinary  forms  of  bronchitis;  exceptionaIly  that  of  croupous  pneumonia. 
The  latter  is  intelligible,  since  not  only  in  the  clinical  phenomena  but  aiso 
in  the  histological  findings  there  are  cases  of  bronchopneumonia  which 
are  diflScult  to  distinguish  from  croupous  pneumonia.  In  these  cases  the 
sputum  is  hemorrhagic  and  contains  fibrinous  exudate.  BacterioIogicaIly 
a  mixed  infection  is  the  rule.  The  pneumococcus  and  Friedlander^s  bacillus 
are  found  in  association  with  the  ordinary  pus-producing  and  other  organ- 
isms.  The  Klebs-Loffler  bacillus  is  present  when  the  lesions  are  secondary 
to  diphtheria.  In  the  lobular  forms  the  streptococcus  is  the  common 
organism;  in  the  lobar  forms,  the  pneumococcus. 

Gangrene  of  the  Luns^s. — The  intensely  offensive  odor,  abundance, 
fluidity,  and  dark,  dirty,  greenish-brown  color  are  characteristic.  Upon 
standing  the  sputum  separates  into  three  strata — an  upper  frothy  layer, 
which  may  contain  necrotic  particles  of  lung  tissue  which  float  by  reason 
of  entangled  air,  a  middle  thin  layer,  and  a  greenish-brown  sediment  which 
consists  in  part  of  leucocytes,  in  part  of  gangrenous  detritus.  Shreddy 
fragments  of  lung  tissue  of  considerable  size  and  frequently  showing  the 
alveolar  arrangement  may  be  picked  out  if  the  sediment  is  spread  upon  a 
glass.  Under  the  microscope  are  seen  elastic  fibres,  pigment  granules, 
crystals  of  the  fatty  acids,  cholesterin,  leucine  and  tyrosine  crystals, 
bacteria,  and  leptothrix.  Altered  blood-corpuscles  are  also  present.  When 
the  fluid  is  retained  in  the  gangrenous  cavity  for  some  time,  the  elastic 
fibres  may  undergo  solution  owing  to  the  action  of  a  peptonizing  ferment. 
The  odor  is  the  more  intense  in  proportion  as  the  communication  between 
the  gangrenous  areas  and  the  bronchi  is  more  free.  Cases  occur  in  which, 
in  the  absence  of  odor  during  life,  circumscribed  areas  of  gangrenous  lung 
have  been  found  upon  post-mortem  examination. 

Abscess  of  the  Lung:. — The  sputum  is  essentially  purulent.  It  is 
oflfensive,  but  less  intensely  so  than  that  of  gangrene.  When  placed  in 
water  it  has  a  thready  or  granular  appearance.  When  the  perforation  is 
small  there  is  an  accompanying  catarrhal  bronchitis  and  the  sputa  are 
mucopurulent.  When,  however,  the  abscess  discharges  abruptly,  a  large 
amount  of  pus  commingled  with  masses  of  necrotic  lung  tissue  and  con- 
taining  elastic  fibres  in  abundance  is  discharged.  Microscopically  the  spu- 
tum contains  hsematoidin,  cholesterin  and  fat  crystals  and  various  bacteria. 

Perforating:  Empyenia. — The  sputum  resembles  that  of  pulmonary 
abscess.  It  may  be  at  first  free  from  odor  but  in  the  course  of  a  little  time 
becomes  offensive.  It  is  voided  in  considerable  quantities  at  varying 
intervals.  Elastic  fibres  are  wholly  absent  or  are  present  in  small  numbers. 
Hsmatoidin  and  other  crystal8  and  pyogenic  bacteria  are  ^resieivl. 
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grayish  massea  which  frequently  '^^j^  characlerislas  siml 

important.     Very  often  the  sr  ^i^^i  ^^d  foul^mellmg  but 

cially  the  čase  wheii  tbi-  -    ^  f^^^  t,,^^  t„  t,^^  ,„  ^^^^^ 

stagna  ,,on  and  decomp  ^^;%^  of  8-.ii,e  hours  as  is  the  caae  m 

ence  uf  tubercle  bacili,  '   .-^'7,  -^rand  bro-h.ectasis 

le^ions,  the  prvence  -^  ^  -     '  -^  hiectasia  the  eputum  la  sometim«, 

bear  m  nimd  that  t  j,  ^^  brought  up  from  fine  to  time 

these  morphologic-  ^  .    nimes-mouthfub     These  paro^jsma 

the  gravity  of  tb  ^^  ^^^^^^  ^^^^^  ^^^^^  ^^^^^  excited  bv  the  ahift 

uJ  the  gravest  c  '""O^l^^V^flin  the  ddatation  to  the  norma!  bronchial 
arefomid.  Ve  ^.;«;r'>>  „«  in  the  moming.  The  color  of  the  expec. 
miimry  (»ficTr  ■/■'>;^'<>**,-  or  grayish-browu.  It  ia  U8ually  fluid,  atid- 
vance  of  th'  f!-''^,ii"'-'^'-'^^ae\y  fetid.  Upon  standing  it  separates  into 
conimon  ir  -    „.//^,^  "^nsisting  of  brownish  froth,  a  middle  thin  wat*J7 

.'     ....  ■.i^'^.  ■''^  tf/!jj^j(  and  granular.     Microscopi{;ally  the  sputum  coii- 

^,1*^'  ^^  ■'*^'r«  *""*'W  epithelial  cells,  erythrocyte8,  and  large  numbers  of 
TI     A'  ''r^' '^ '^tt "^^^^'    H^m^toidin  crystala  are  sometimes  seen.     Id 

fii'  J*"    5^ MrjD'''''^'  nlceration,  elastic  fibres  are  not  found,  nor  are 

^r<'^'^ef  ".  ffsetii-    Nummular  sputa  are  unconimon.    In  many  casea 
""f^-  i/i^  le  !>''  Jtiot  be  distinguished  from  that  of  a  putrid   bronchitis. 

'''V('''''aS«onally  occiirs. 

i'"' ',rrl''^ gf  tiie  Lungs. — The  aputum  is  usually  thin,  frothy,  colorless 

I'''  ^df^j^lgod-tinged,   and   abiindant.     Upon  standing  it   deposits  a 

/lif^  \osistiii^  in  part  of  red   blood-corpiiscles  and  in  part  of  ele- 

lijin'^"!  rtcteristic  of  the  antecedent  condition,  as  bronchitia  or  pneu- 

^(■"^  V  is  largely  made  up  of   blood-serum  and  is  therefore  rich  in 

"""''*n     ^''  *^^  '"'^'"^  cases  in  whi('h  perforation  of  the  lung  occure  in 

rt/f"J^^ous  pleurisy  the  expectorated  matter  resenibles  that  of  pulmon&ry 

*     a  but  ia  richer  in  albumin.     A  very  abundant  sputum,  similar  in 

"'''"ad*'"'  '^  soraetimea  expectorated  after  paracentesis  thoracis,   begin- 

"■f"*  [{,ward  the  cloae  of  the  operation — the  eipectoration  albumineu»e  of 

fretich.     Thia  seroua  sputum  ia  the  rcault  of  an  acut*  pulmonary 

■gpa  foni)wing  the  dilatation  of  the  compreased  hing. 

3ronchopulnionary  Hemorrhage— Hiemoptysl3. — In  the  blood-spit- 

^Jf^  which  follow3  traumatism.  the  rupture  of  an  aneuri.sin,  the  Icsions 

" '  tuberculosis,  or  new  growths  involving  the  lungs  the  aputum  con^td 

more  or  lesa  abundant,  bright  red,  frothy  blood.     The  distinctiou  be- 

_.  een  venoua  and  arterial  blood  cannot  be  made,  aince  the  dark  blood  of 

the  pulmonftry  arteries  becomea  oxygenized  and  frothy  during  its  course 

through  the  bronchial  tubes.     The  differential  diagnosis  between  haemop- 

^yBis  and   hsematemeais  resta  upon  the  following  facts:    In  bronchopul- 

ionary  hemorrhage  the  blood  is  coughed  up.     In  gastric  and  oesopha- 

_sal  hemorrhage  it  ia  vomited,  but  the  account  of  the  patient  or  his  friends 

is  not  always  aatisfactory;    in  the  excitement  and  alarm  the  distinction 

inay  not  be  made.     Moreover  violent  paroxy8maI  cough  mav  on  the  one 

band  be  followed  by  gagging  and  vomiting,  while  on  the  other  hand  some 

portion  of  vomited  blood  may  be  drawn  into  the  larynx  by  aspiration 

and  thus  excite  coughing.    The  examination  of  the  blood  itaelf  is  impor- 

tsnt     Bright  red.  frothy  blood  rfla,y  usuaUy  be  referred  to  a  lesion  of  the 
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^^^Biratory  tract;  blood  tlmt  is  dark,  clotted,  and  free  from  air-buhbles, 
^^^^^e  digostive  tract.  But  there  are  exceptions  to  this  rule.  In  profuse 
^^^^^rrhage  from  the  stoniach  the  blood  is  sometimes  vomited  so  raptdly 
^^Hst  it  is  bright  red  and  fiuid,  while  in  abundant  pulmonary  heniorrhage, 
^^«sulting  from  erosions  of  a  large  branch  of  the  pulmonary  artery.  the 
f    expectorated  blood  niay  be  dark  in  color  and  contain  but  little  air. 

The  reaction  of  the  blood  in  hacmoptysi3  is  aikaline.  In  hjematemesis 
wfaich  occurs  during  digestion,  when  the  stomach  cuntains  a  large  aniount 
of  acid  fluid,  the  reaction  may  be  acid.  Too  great  importance  cannot  be 
aacribed  to  the  reaction  of  the  blood  in  doubtful  caaes,  since  vomited 
blood  is  frequently  aikaline.  The  presence  of  particles  of  food  in  the  blood 
is  of  importance  in  diagnosis. 

There  are,  however,  cnaes  in  which  the  distinction  between  hieraoptysi3 
and  hEBmatetnesia  cannot  be  immetliately  made. 

The  condition  of  the  patient  prior  and  8ubsequent  to  the  bleeding  is 
jn  doubtful  cases  of  greater  importance  than  the  appearance  of  the  blood. 
A  hi8tory  of  gastric  aymptom8  before  the  blood  loas  or  the  occurrence  of 
such  8ymptonia  8ub3equently  is  common  in  bleeding  from  the  stomach. 
The  preaence  of  altered  biood  in  the  stools  after  the  heniorrhage  points  to 
bleeding  from  the  stomach  rather  than  from  the  lungs.  On  the  other 
hand  the  mere  fact  that  the  patient  haa  suffered  for  some  time  from  cough 
and  expectoration  is  suggestive  of  puImonary  hemorrhage,  wliich  is  apt 
to  be  followed  for  some  day8  by  the  occasional  expectoration  of  small 
blood-clots  or  of  aputum  mixed  with  blood.  When  due  consideration  is 
given  to  these  facts  errors  of  diagnosis  are  not  likely  to  occur. 

Hemorrhagic  sputum  is  occasionalJy  encountered  in  acute  bronchitis. 
This  sputum  is  to  be  distinguished  from  pneumonic  sputum  by  the  fact 
that  the  blood  is  present  in  streaks  rather  than  as  a  homogeneous  mixture. 
Profuse  hffimoptysis  rarely  has  its  seat  of  origin  in  the  larynK  or  trachea, 
since  the  blood-vesaels  of  these  organa  are  of  relatively  small  size.  On 
the  other  hand,  blood-streaked  sputa  are  not  uncommon  in  acute  catarrhal 
inflammation  of  the  trachea,  larynx,  or  pharynx.  There  are  forms  of 
hemorrhagic  bronchitis  eharacterized  by  blood-tinged  sputum  which  con- 
tinue  for  some  days  or  weeks.  Such  cases  are  not  uncommon  during 
epidemics  of  influenza.  It  sometimea  happens,  especially  during  sleep, 
that  the  blood  in  epistaxis  trickles  into  the  pharynx  and  is  3wallowefl.  If 
vomited,  such  blood  may  be  regarded  as  due  to  gastric  ulcer.  If  the  blood 
in  the  pharynx  under  these  circumstances  excite8  cough  and  is  ejected 
mingled  with  mucus,  it  may  be  erroneou3ly  regarded  as  coming  from  the 
lungs.  If  the  trickling  blood  be  seen  upon  the  wall  of  the  pharynx  the 
diagnosis  is  at  once  cstablished  and  the  precise  site  from  which  it  comes 
may  be  determined  by  means  of  the  rhinoscope. 

Infarcts. — Thesputumin  hemorrhagicinfarct  is  commonIy  dark  in  color 
atid  resembles  pure  blood,  from  which  it  differs  in  its  aomewhat  tenacious 
consistence,  suggestive  of  pneumonic  sputum.  In  point  of  fact  the  sputa 
in  cases  of  pulmonarv  infarct  may  vary  according  to  the  amonnt  of  bron- 
chial  secretion  present  from  pure  blood  to  a  tenacious  blood-tinged  mucus. 
Chronic  Valvular  Disease. — Hemorrhagic  sputum  occurs  in  certun 
cases  of  vaivular  disease  of  the  heart,  particularly  in  mitral  stenosis. 
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Putrid  Bronchitis. — The  expectoration  presents  characteristics  simi- 
lar  to  that  of  perforating  empyema.  It  is  purulent  and  foul-smelling,  but 
does  not  contain  elastic  fibres.  It  is  voided  from  tirne  to  tirne  in  moder- 
ate  amounts;  not  in  large  bulk  at  intervals  of  some  hours  as  is  the  čase  in 
empyema  with  bronchopulmonary  fistula  and  bronchiectasis. 

Bronchiectasis. — In  saccular  bronchiectasis  the  sputum  is  sometimes 
mucopurulent,  sometimes  purulent.  It  is  brought  up  from  time  to  tirne 
in  severe  paroxysms  and  in  large  quantities — mouthfuls.  These  paroxysms 
may  follow  change  of  posture,  the  cough  reflex  being  excited  by  the  shift- 
ing  of  accumulated  secretion  from  the  dilatation  to  the  normal  bronchial 
tube.  A  paroxysm  usually  occurs  in  the  morning.  The  color  of  the  exj>ec- 
torated  matter  may  be  gray  or  grayish-brown.  It  is  usually  fluid,  acid- 
smelling,  sometimes  extremely  fetid.  Upon  standing  it  separates  into 
three  layers,  an  upper  consisting  of  brownish  froth,  a  middle  thin  watery 
layer,  and  a  lower,  thick  and  granular.  Microscopically  the  sputum  con- 
sists  of  pus  corpuscles,  epithelial  cells,  erythrocytes,  and  large  numbers  of 
crystals  of  the  fatty  acids.  Haematoidin  crystals  are  sometimes  seen.  In 
the  absence  of  bronchial  ulceration,  elastic  fibres  are  not  found,  nor  are 
tubercle  bacilli  present.  Nummular  sputa  are  uncommon.  In  many  cases 
the  sputum  cannot  be  distinguished  from  that  of  a  putrid  bronchitis. 
Hemorrhage  occasionally  occurs. 

CEdema  of  the  Luns^s. — The  sputum  is  usually  thin,  frothy,  colorless 
or  slightly  blood-tinged,  and  abundant.  Upon  standing  it  deposits  a 
sediment  consisting  in  part  of  red  blood-corpuscles  and  in  part  of  ele- 
ments  characteristic  of  the  antecedent  condition,  as  bronchitis  or  pneu* 
monia.  It  is  largely  made  up  of  blood-serum  and  is  therefore  rich  in 
albumin.  In  the  rare  cases  in  which  perforation  of  the  lung  occurs  in 
serofibrinous  pleurisy  the  expectorated  matter  resembles  that  of  pulmonary 
oedema  but  is  richer  in  albumin.  A  very  abundant  sputum,  similar  in 
character,  is  sometimes  expectorated  after  paracentesis  thoracis,  begin- 
ning  toward  the  close  of  the  operation — the  ezpectoration  cUbumineuse  of 
the  French.  This  serous  sputum  is  the  result  of  an  aciite  pulmonary 
oedema  following  the  dilatation  of  the  compressed  lung. 

Bronchopulmonary  Hemorrhage — Haemoptysis. — In  the  blood-spit- 
ting  which  follows  traumatism,  the  rupture  of  an  aneurism,  the  lesions 
of  tuberculosis.  or  new  growths  involving  the  lungs  the  sputum  consists 
of  more  or  less  abundant,  bright  red,  frothy  blood.  The  distinction  be- 
tween  venous  and  arterial  blood  cannot  be  made,  since  the  dark  blood  of 
the  pulmonary  arteries  becomes  oxygenized  and  frothy  during  its  course 
through  the  bronchial  tubes.  The  differential  diagnosis  between  hsemop- 
tysis  and  haematemesis  rests  upon  the  follo\ving  facts:  In  bronchopul- 
monary  hemorrhage  the  blood  is  coughed  up.  In  gastric  and  oesopha- 
geal  hemorrhage  it  is  vomited,  but  the  account  of  the  patient  or  his  friends 
is  not  always  satisfactory;  in  the  excitement  and  alarm  the  distinction 
may  not  be  made.  Moreover  vaolent  paroxysmal  cough  mav  on  the  one 
hand  be  followed  by  gagging  and  vomiting,  while  on  the  other  hand  some 
portion  of  vomited  blood  may  be  drawn  into  the  larynx  by  aspiration 
and  thus  excite  coughing.  The  examination  of  the  blood  itself  is  impor- 
tant    Bright  red,  frothy  blood  may  usually  be  referred  to  a  leaion  of  tbe 
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respiratorjr  tract;  blood  that  is  dark,  clotted,  and  free  from  air-bubbles, 
to  the  digcstive  tract.  But  there  are  exceptions  to  this  rule.  In  profuse 
hemorrhage  from  the  stomach  the  blood  is  sometimes.  vomited  so  rapidljr 
that  it  is  bright  red  and  fluid,  while  in  abundant  puImonary  hemorrhage, 
resulting  from  erosions  of  a  large  branch  of  the  pulmonary  artery.  the 
€xpectorated  blood  may  be  dark  in  color  and  contain  but  little  air. 

The  reaction  of  the  blood  in  haemoptysis  is  alkaline.  In  hsematemesis 
which  occurs  during  digestion,  when  the  stomach  contains  a  large  amount 
of  acid  fluid,  the  reaction  may  be  acid.  Too  great  importance  cannot  be 
ascribed  to  the  reaction  of  the  blood  in  doubtful  cases,  since  vomited 
blood  is  frequently  alkaline.  The  presence  of  particles  of  food  in  the  blood 
is  of  importance  in  diagnosis. 

There  are,  however,  cases  in  which  the  distinction  between  h8emoptysis 
and  hsematemesis  cannot  be  immediately  made. 

The  condition  of  the  patient  prior  and  subsequent  to  the  bleeding  is 
in  doubtful  cases  of  greater  importance  than  the  appearance  of  the  blood. 
A  history  of  gastric  symptoms  before  the  blood  loss  or  the  occurrence  of 
such  symptoms  subsequently  is  common  in  bleeding  from  the  stomach. 
The  presence  of  altered  blood  in  the  stools  after  the  hemorrhage  points  to 
bleeding  from  the  stomach  rather  than  from  the  lungs.  On  the  other 
hand  the  mere  fact  that  the  patient  has  suffered  for  some  time  from  cough 
and  expectoration  is  suggestive  of  pulmonary  hemorrhage,  which  is  apt 
to  be  followed  for  some  days  by  the  occasional  expectoration  of  small 
blood-clots  or  of  sputum  mixed  with  blood.  When  due  consideration  is 
given  to  these  facts  errors  of  diagnosis  are  not  Iikely  to  occur. 

Hemorrhagic  sputum  is  occasionally  encountered  in  acute  bronchitis. 
This  sputum  is  to  be  distinguished  from  pneumonic  sputum  by  the  fact 
that  the  blood  is  present  in  streaks  rather  than  as  a  homogeneous  mixture. 
Profuse  haemoptysis  rarely  has  its  seat  of  origin  in  the  larynx  or  trachea, 
since  the  blood-vessels  of  these  organs  are  of  relatively  small  size.  On 
the  other  hand,  blood-streaked  sputa  are  not  uncommon  in  acute  catarrhal 
inflammation  of  the  trachea,  larynx,  or  pharynx.  There  are  forms  of 
hemorrhagic  bronchitis  characterized  by  blood-tinged  sputum  which  con- 
tinue  for  some  days  or  weeks.  Such  cases  are  not  uncommon  during 
epidemics  of  influenza.  It  sometimes  happens,  especially  during  sleep, 
that  the  blood  in  epistaxis  trickles  into  the  pharynx  and  is  swallowed.  If 
vomited,  such  blood  may  be  regarded  as  due  to  gastric  ulcer.  If  the  blood 
in  the  pharynx  under  these  circumstances  excites  cough  and  is  ejected 
mingled  with  mucus,  it  may  be  erroneously  regarded  as  coming  from  the 
lungs.  If  the  trickling  blood  be  seen  upon  the  wall  of  the  pharynx  the 
diagnosis  is  at  once  cstablished  and  the  precise  site  from  which  it  comes 
may  be  determined  by  mcans  of  the  rhinoscope. 

Infarcts. — The  sputum  in  hemorrhagic  infarct  is  commonly  dark  in  color 
and  resembles  pure  blood,  from  which  it  differs  in  its  somewhat  tenacious 
consistence,  suggestive  of  pneumonic  sputum.  In  point  of  fact  the  sputa 
in  cases  of  pulmonary  infarct  may  vary  according  to  the  amount  of  bron- 
chial  secretion  present  from  pure  blood  to  a  tenacious  blood-tinged  mucus. 

Chronic  Valvular  Disease. — Hemorrhagic  sputum  occurs  in  certain 
cases  of  valvular  discase  of  the  heart,  particularly  in  mitral  8teivQ«.v&« 
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VI. 

CIRCULATION;   PULSATION;   RADIAL   PULSE;   ANOMALIES  OF 
THE  PULSE;   CAPILLARV  PULSE;  VENOUS  PULSE. 

CIRCULATION. 

The  term  arterial  pulse  is  used  to  designate  the  rhythmical  fluctua- 
tions  of  the  arterial  pressure  which  correspond  to  the  contractions  of 
the  ventricles  of  the  heart.  These  rhythmic  fluctuations  depend  upon 
the  intermittent  injection  of  blood  from  the  ventricle  to  the  aorta, 
upon  the  resistance  to  the  arterial  flow  produced  by  friction,  and  upon 
the  elasticity  of  the  walls  of  the  arteries.  After  the  blood  enters  the  eapil- 
laries  the  pressure  is  no  lon^er  intermittent,  but  is  continuous,  and  pulsa- 
tion  under  normal  conditions  disappears.  The  pulse  may  be  affected 
by  changes  either  in  the  force  of  the  ventricular  contractions,  in  the 
elasticity  of  the  arteries,  or  in  the  peripheral  resistance.  and  by  vary- 
ing  combinations  of  these  modifications.  The  examination  of  the  arterial 
pulse  is  therefore  obviously  of  great  diagnostic  importance.  By  this 
means  conclusions  may  be  reached  in  regard  to  a  wide  range  of  elinical 
facts,  including  the  innervation  of  the  heart,  the  power  of  the  heart  muscle, 
the  blood-pressure,  the  blood  loss  in  hemorrhage  and  ansemia  due  to  other 
causes,  the  condition  of  the  peripheral  arteries,  the  action  of  fever-pro- 
ducing  toKins  upon  the  heart  and  blood-vessels,  and  finally,  under  eertain 
conditions,  in  regard  to  the  presence  and  nature  of  valvular  lesions. 

PULSATION. 

Arterial  pulsation  may  be  studied  in  any  of  the  superficial  arteries. 
The  methods  employed  in  ordinary  elinical  work  are  palpation  and  inspec- 
tion.  Auscultation  is  of  more  limited  application  in  the  study  of  the  blood- 
vessels.  The  results  obtained  by  the  use  of  the  sphygmograph  are  of 
more  value  in  elinical  research  and  for  purposes  of  record  and  comparison 
than  for  diagnosis. 

The  increase  in  the  contents  of  the  arterial  system  which  causes  the 
pulsation  is  accompanied  not  only  by  an  increase  in  the  tension  of  the 
artery  at  any  given  point  but  also  by  an  increase  in  the  length  of  the  vessel. 
This  increase  in  length  results  in  a  more  or  less  marked  lateral  undulation 
and  exaggeration  of  the  curves  of  the  vessel,  normally  not  suflScient  to 
attract  attention,  but  conspicuous  in  the  temporal  arteries  of  emaciated 
persons  and  at  various  points  in  the  course  of  the  superficial  arteries  in 
conditions,  such  as  aortic  insufficiency,  which  are  attended  with  cardiac 
hypertrophy  and  relaxation  of  the  arterial  walls.  The  arterial  pulse, 
corresponding  to  a  contraction  of  the  ventricles,  is  not  perceptible  at 
the  same  moment  at  ali  parts  of  the  body,  an  appreciable  interval  sepa* 
rating  the  cardiac  impulse,  the  radial  pulse,  and  that  of  the  dorsal  artery 
of  the  foot 
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The  Aorta  and  Its  Branches. — Pulsation  in  the  notch  of  the  ster- 
num  is  occasionally  seen  in  aged  persons  in  the  absence  of  disease.  It 
occurs  in  dilatation  of  the  aorta  and  is  a  sign  of  aneurism  of  the  trans- 
verse  portion  of  the  arch.  In  rare  cases  it  is  due  to  an  anomalous  distri- 
bution  of  the  branches  of  the  aorta  in  this  region. 

Pulsation  at  the  root  of  the  neck  is  common  in  cardiac  hyper- 
trophy  and  dilatation,  in  aortic  insufRciency,  and  in  neurotic  and  anaemic 
conditions,  especially  during  periods  of  physical  or  mental  excitement. 
It  is  a  prominent  symptom  of  exophthalmic  goitre.  Under  these  circum- 
stances  pulsation  of  the  aorta  is  associated  with  a  heaving  impulse  in  the 
innominate  and  carotids,  communicated  to  the  overlying  tissues,  so  that 
throbbing  in  this  region  becomes  a  sign  of  importance.  It  is  often  accom- 
panied  with  distention  of  the  veins  and  flushing  of  the  face. 

The  diflFerential  diagnosis  between  dynamic  dilatation  of  the  arch  of 
the  aorta  and  aneurism  cannot  in  ali  cases  be  made  during  life.  Not  rarely 
when  the  signs  of  dilatation  of  the  arch  and  enlargement  of  the  innominate 
and  right  carotid  have  been  well  marked  clinically,  the  vessels  have  been 
found  post  mortem  to  be  of  normal  measurement. 

Pulsation  of  the  subclavians  occurs  in  the  general  pulsation  at 
the  root  of  the  neck,  above  spoken  of.  It  is  U8ually  less  marked  than  that 
of  the  innominate  and  carotids.  Visible  pulsation  of  the  subclavians 
is  sometimes  present  in  consolidation  and  retraction  of  the  lung  in 
phthisis. 

Pulsation  of  the  abdominal  aorta  is  very  common.  It  may  often 
be  made  out  in  quite  thin  persons  under  normal  conditions  both  by  inspec- 
tion  and  palpation.  Under  these  circumstances  it  is  of  very  slight  inten- 
sity.  More  vigorous  pulsation  in  the  line  of  the  abdominal  aorta,  namely, 
in  the  median  line  or  slightly  to  the  left  of  it,  and  in  the  epigastric  zone 
is  an  important  sign  of  disease.  Objectively  the  pulsation  varies  in  degree. 
It  is  frequently  violent  and  throbbing  and  may  be  demonstrated  by  the 
motion  communicated  to  the  stethoscope  lightly  pressed  upon  the  surface. 
Subjectively  the  sensation  of  throbbing  is  annoying  and  frequently  dis- 
tressing.  It  often  prevents  sleep.  Epigastric  pulsation  is  not  in  ali  in- 
stances  due  to  the  movements  of  the  aorta.  It  may  be  directly  due  to  the 
heart.  A  faint  pulsation  in  the  region  of  the  ensiform  cartilage  occurs  in 
physiological  over-action  of  the  heart,  in  hypertrophy  and  dilatation  of 
the  right  ventricle,  and  in  displacement  of  the  heart  towards  the  right  in 
consequence  of  left-sided  pleural  effusion  or  of  emphysema.  In  the  last 
named  condition  the  epigastric  pulsation  is  often  marked,  since  the  heart 
is  displaced  toward  the  median  line  and  the  right  ventricle  is  hypertro- 
phied.  The  pulsation  is  transmitted  to  the  left  lobe  of  the  liver.  It  is 
more  marked  in  the  neighborhood  of  the  ensiform  appendix  and  costal 
cartilages  than  toward  the  umbilicus,  and  niče  observation  will  8how 
that  it  corresponds  in  time  to  the  cardiac  systole,  whereas  aortic  pulsation 
is  slightly  postsystolic. 

The  most  common  causes  of  pulsation  of  the  abdominal  aorta  are 
referable  to  the  nervous  system— simple  dynamic  pulsation.  The  throb- 
bing may  be  a  direct  manifestation  of  neurasthenia  or  hysteriay  or  it  may 
be  a  reflex  manifestation  of  disorders  of  the  gastro-intestinal  tr&ct«    It.  \ii^ 
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much  more  common  in  females  and  in  early  life.  It  occurs  aiso  as  the 
result  of  diminution  of  the  amount  of  blood  and  thus  becomes  one  of  the 
signs  of  ansemia  due  to  hemorrhage  or  other  cause.  Marked  epigastric 
pulsation  frequently  occurs  as  a  sign  of  enlarged  lympbatic  glands,  carci- 
noma  of  the  stomach  or  pancreas,  or  other  form  of  tumor  overl)ring  the 
aorta.  In  rare  instances  fecal  accumulations  in  the  colon  transmit  the 
aortic  impulse  to  the  surface.  Thorough  evacuation  of  the  bowels  is  an 
imperative  preliminary  measure  in  the  diagnosis  of  doubtful  cases.  Finallv 
it  may  be  due  to  an  aneurism. 

The  diagnostic  significance  of  this  sign  varies  greatly  and  in  some 
cases  is  onIy  tp  be  determined  by  careful  study  of  the  associated  clinical 
phenomena.  In  simple  dynamic  pulsation  the  aorta  may  in  thin  persons 
frequently  be  felt  to  be  somewhat  dilated,  especially  during  the  paroxysm, 
but  no  distinct  tumor  formation  can  be  recognized.  The  symptoms  of 
neurasthenia  or  the  stigmata  of  hysteria  are  present  and  these  are  often 
associated  with  gastro-intestinal  symptoms.  The  throbbing  is  intense  and 
distressing,  sometimes  diffused  but  never  distinctly  expansive.  It  can 
be  felt  when  the  patient  is  in  the  knee-eIbow  posture.  The  throbbing  of 
ansemia  is  much  less  marked.  Pulsation  transmitted  from  the  aorta  through 
an  overlying  tumor  communicates  a  lifting  sensation  to  the  hand  upon 
palpation,  is  usually  circumscribed,  not  expansile,  and  disappears  when 
the  patient  is  examined  in  the  knee-elbow  position,  the  mass  falling  away 
from  the  aorta  under  the  action  of  gravity.  The  clinical  phenomena  of 
the  primary  condition  are  usually  more  or  less  well  defined.  Errors  of 
diagnosis  not  infrequently  occur  under  these  circumstances,  the  tumor 
being  mistaken  for  an  aneurism.  When  well  defined  the  pulsation  of 
an  abdominal  aneurism  is  characteristic.  If  the  aneurism  be  of  iarge  size 
there  is  dulness  continuous  with  that  of  the  left  lobe  of  the  liver.  In  thin 
persons  a  distinct  tumor  may  be  felt,  the  pulsation  is  expansile  and 
forcible,  and  persistent  rather  than  paroxysmal.  A  systoIic  murmur  is 
very  commonIy  heard  in  the  absence  of  pressure  of  the  stethoscope  or  the 
murmur  may  be  audible  in  the  back.  In  some  cases  a  low-pitched  soft 
diastolic  murmur  is  heard.  In  many  cases  there  is  a  distinct  systolic  thriil. 
Both  the  murmur  and  thriil  may  occur  in  other  conditions  which  cause  an 
abrupt  narrowing  in  the  lumen  of  the  aorta,  and  may  be  produced  by  the 
pressure  of  the  stethoscope.  These  signs  are  occasionally  encountered 
in  the  epigastric  pulsation  of  nervous  diseases  and  in  tumors  of  varioiis 
kinds  developing  in  relation  with  the  abdominal  aorta.  The  diagnosis  of 
aneurism  m  ust  therefore  be  made  with  extreme  caution.  It  is  justified 
in  cases  in  which  there  is  a  distinct  tumor  with  expansile  pulsation  per- 
sisting  in  the  knee-elbow  posture  and  when  radiating  pain,  vomiting,  and 
retardation  of  the  femoral  pulse  are  present.  The  pulsation  of  an  abdom- 
inal aneurism  may  be  manifest  in  the  left  hypochondrium  or  lumbar 
region.  The  X-rays  furnish  an  important  aid  to  diagnosis  in  doubtful 
cases.  Epigastric  pulsation  must  not  be  confounded  with  the  purely 
subjective  sensation  of  fluttering  in  the  left  hypochondrium  of  which 
hysterical  women  frequently  complain.  These  two  phenomena  are  en- 
tirely  distinct,  though  they  are  frequently  present  in  the  same  caae. 
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RADIAL  PULSE. 

The  pulse  may  be  studied  in  any  superficial  artery.  For  this  purpose 
the  radial,  because  of  its  accessibility  and  convenience,  is  usually  selected. 
This  artery  is  palpated  over  the  flat  portion  of  the  radius  between  the 
styloid  process  and  the  tendon  of  the  radialis  internus.  In  an  anomalous 
distribution  of  the  artery  the  radial  pulse  must  be  sought  for  elsewhere. 
It  is  a  good  plan  to  compare  the  pulse  in  the  radials  of  both  sides.  Jt 
occasionalIy  occurs  that  a  small  arterial  twig  occupies  the  usual  position 
of  the  radial  while  the  main  branch  has  an  anomalous  course.  In  the 
absence  of  comparison  with  the  other  side  an  erroneous  conclusion  aš  to 
the  volume  and  force  of  the  pulse  would  be  formed.  In  any  čase  of  doubt 
the  pulse  in  the  bend  of  the  elbows  or  in  the  brachial  or  axillary  arteries 
upon  the  two  sides  may  be  compared.  Pathological  differences  in  volume, 
force,  and  time,  that  is  to  say,  retardation  upon  one  side,  are  due  to  the 
interference  with  the  flow  of  blood  in  the  artery  caused  by  endarteritis 
and  aneurism,  or  the  pressure  of  a  tumor  upon  the  wall  of  the  vessel.  Com* 
plete  obliteration  results  from  embolism  or  thrombosis.  In  traumatism 
from  extensive  crushing  or  laceration  it  is  a  sign  of  destruction  of  the 
artery.  Retardation  of  the  femoral  pulse  upon  both  sides  may  occur  in 
aneurism  of  the  thoracic  or  abdominal  aorta.  On  one  side  it  is  commonly 
the  sign  of  aneurism  of  the  common  iliac  artery.  Under  certain  circum- 
stances  it  is  convenient  to  study  the  pulse  in  the  temporals,  carotids,  or 
even  in  the  posterior  tibials. 

The  best  method  of  feeling  the  pulse  consists  in  the  application  of 
the  tips  of  three  adjacent  fingers,  that  of  the  index  finger  being,  according 
to  an  old  rule,  nearest  the  heart  of  the  patient.  Under  changing  pressure 
the  distention  of  the  artery  which  constitutes  the  pulse  is  recognized  and 
studied.  The  value  of  the  pulse  in  diagnosis  depends  largely  upon  the 
experience  and  judgment  of  the  physician.  In  the  study  of  the  pulse  the 
following  points  require  especial  consideration;  (a)  condition  of  the  arterial 
wall;  (b)  frequency;  (c)  rhythm;  (d)  volume;  (e)  celerity;  (f)  tension;  (g) 
dicrotism. 

The  condition  of  the  arterial  wall  enables  us  to  form  conclusions  as 
to  the  presence  or  absence  of  general  arteriosclerosis,  and  to  recognize 
the  modifications  of  the  pulse-wave  caused  by  changes  in  the  elasticity  of 
the  artery.  It  is  of  much  greater  diagnostic  importance  than  the  pulse- 
rate.  Empty  the  artery  by  pressure  and  roll  it  to  and  fro  upon  the  under- 
Iying  bone.  In  healthy  individuals  in  early  life  the  artery  is  felt  as  a  strand 
of  soft  elastic  tissue.  In  arteriosclerosis  and  in  those  conditions  in  which 
the  blood-pressure  is  habitually  high,  such  as  chronic  nephritis,  gout,  and 
lead  poisoning,  the  increased  resistance  of  the  artery  mav  be  readily  recog- 
nized. It  feels  like  a  whip-cord  under  the  fingers.  In  advanced  arterio- 
sclerosis calcareous  dcposits  in  the  wall  of  the  artery — atheroma — can  be 
di8tinctly  felt,  and  in  some  cases  these  deposits  are  so  coarse  and  irregular 
as  to  warrant  their  comparison  with  a  string  of  wampum.  Such  arteries 
are  often  tortuous.  These  changes  can  be  best  recognized  by  passing  the 
palpating  finger  gently  along  the  course  of  the  artery.  Important  as  is 
the  Btudy  of  the  condition  of  the  walls  of  the  peripheral  arteries  for  tha 
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diagnosis  of  arteriosclerosis,  it  is  nevertheless  necessary  to  call  attention 
to  the  fact  that  there  are  cases  of  very  advanced  sclerosis  of  the  aorta  and 
even  of  the  coronaries,  and  indeed  of  other  deeply  situated  vessels,  in 
which  the  superficial  arteries  upon  palpation  yield  no  indication  of  changes 
in  their  walls.  To  arteriosclerosis,  which  is  often  unequally  distributed, 
the  radial  shows  no  special  Iiability.  It  is  therefore  necessary  in  suspected 
cases  to  examine  carefiilly  the  superficial  arteries  in  various  parts  of  the 
body.  Increased  arterial  tension  and  an  accentuated  aortic  second  sound 
are  important  signs  of  arteriosclerosis. 

Frequency  of  the  Pulse. — By  this  term  is  indicated  the  number  of 
beats  in  a  minute.    It  is  convenient  to  count  the  radial  pulse  for  15  seconds 
and  multiply  the  result  by  4.    If  the  pulse  is  irregular  or  extremely  rapid  it 
becomes  necessary  to  count  for  an  entire  minute  and  to  repeat  the  counting 
in  order  to  avoid  error.     If  after  repeated  observation  wide  variations  in 
the  frequency  are  found,  the  extremes  may  be  recorded.    Various  devices 
have  been  suggested  for  the  counting  of  very  rapid  pulses.     If  regular, 
every  second  or  third  beat  may  be  counted  and  the  result  multiplied  re- 
spectively  by  2  or  3;   or  a  dot  for  each  beat  may  be  made  with  a  pencil 
upon  a  sheet  of  paper.    These  methods  are  liable  to  error,  and  variations 
in  the  pulse-frequency  uncountable  by  ordinary  methods,  that  is,  exceediDg 
200,  are  without  clinical  importance. 

The  pulse-frequency  is  modified  by  a  great  variety  of  physiologicaI 
influences.  The  pulse  should  therefore  be  counted  regularly  under  simi- 
lar  conditions.  When  this  is  impracticable  any  circumstance  liable  to 
influence  the  frequency  should  be  noted. 

Mental  excitement  in  nervous  individuals  exerts  a  marked  influence 
upon  the  frequency  of  the  pulse.  The  approach  of  the  physician  to  the 
bedside  or  the  entrance  of  the  patient  to  the  consulting  room  is  often 
followed  immediately  by  a  rapid  increase.  It  is  therefore  wise  to  post- 
pone  the  taking  of  the  pulse  until  after  some  general  conversation  suffi- 
ciently  prolonged  to  enable  the  patient  to  regain  his  equanimity. 

The  effect  of  muscular  effort  in  increasing  the  pulse-frequency  is  well 
known.  Athletic  sports,  running,  boxing,  stair-climbing,  and  similar 
effort  may  be  followed  by  a  very  rapid  pulse-rate  which  is  nevertheless 
physiological.  During  convalescence  from  disease  and  in  feeble  and  deli- 
cate  persons  slight  movements  of  the  body  increase  the  pulse-frequency, 
which  falls  again  after  a  period  of  rest.  If,  however,  the  effort  be  pro- 
longed the  return  to  the  normal  frequency  is  delayed. 

The  pulse-rate  is  modified  by  the  posture  of  the  body.  It  rises  imme- 
diately  upon  change  from  the  recumbent  to  the  sitting  and  again  from  the 
sitting  to  the  standing  position.  The  frequency  attained  immediately  after 
these  changes  falls  again  in  a  little  time  but  not  to  the  normal  of  the  previous 
posture.  The  pulse-rate  for  the  same  individual  is  relatively  higher  while 
each  of  these  positions  is  maintained.  The  figures  in  healthy  individuals,  in 
the  absence  of  other  modifying  conditions,  are  approximately  in  the  recum- 
bent posture  66,  in  the  sitting  70,  In  the  standing  80  beats  per  minute. 

The  pulse-frequency  is  increased  during  the  digestion  of  food.  Hearty 
meals  and  alcoholic  beverages  render  the  increase  more  marked.  The 
diurnal  modifications  of  the  pulse  bear  a  definite  relation  to  tbe  perioda 
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of  taking  food.  They  occur,  however,  in  those  who  are  fasting  and  bear 
some  relation  to  the  diurnal  variations  of  the  temperature.  The  pulse's 
frequency  is  to  some  extent  modified  by  respiration,  being  slightly  in- 
creased  upon  inspiration  and  diminished  upon  expiration.  It  is  higher 
after  paroxysms  of  cough.    It  varies  greatly  at  different  periods  of  life. 

PUL8E-FREQUENCT  AT  DiFFEBENT  AOES. — ROLLET. 

At  birth 144-133  per  minute 

To  end  of  Ist  year 143-123  per  minute 

lOth  to  15th  year 91-76  per  minute 

20th  to  60th  year 73-  69  per  minute 

PULSE-FBEQUENCT  IN  ChILDHOOD. — VlEBORDT. 

0-  1  year 134      per  minute 

1-  2  yearB 110.0  per  minute 

2-  3  year8 108      per  minute 

3-  4  year8 108      per  minute 

4-  5  year8 103      per  minute 

&•  6  year8 98      per  minute 

6-  7  years 92. 1  per  minute 

7-  8  year8 94 .9  per  minute 

8-  9  year8 88. 8  per  minute 

9-10  year8 91 .8  per  minute 

10-11  year8 87.9  per  minute 

11-12  year8 89.7  per  minute 

12-13  year8 87. 9  per  minute 

13-14  year8 86. 8  per  minute 

In  general  terms  the  frequency  declines  with  advancing  years.  The 
pulse  in  women  is  about  7  beats  per  minute  more  rapid  than  in  men  of 
corresponding  age.  In  large  individuals  it  is  slightly  slower  under  similar 
conditions  than  in  those  of  smaller  size. 

Cases  are  occasionalIy  observed  in  which  the  radial  pulse  is  less  fre- 
quent  than  the  impulse  of  the  heart.  This  discrepancy  arises  in  conse» 
quence  of  the  feebleness  of  certain  contractions  of  the  heart,  the  pulse- 
wave  not  reaching  the  radials.  Under  these  circumstances  the  pulse 
is  commonly  but  not  always  irreg^lar.  In  every  čase  of  irregularity  of 
the  pulse  it  is  desirable  to  count  the  contractions  of  the  heart  as  mani- 
fested  in  the  precordial  impulse. 

In  general,  departures  from  the  normal  pulse-rate,  either  in  the  direc- 
tion  of  increased  or  diminished  frequency,  arise  in  consequence  of  derange- 
ment  of  the  nervous  mechanism  of  the  circulation.  Increase  may  be  due 
to  paresis  of  the  pneumogastric  or  irritation  of  the  sympathetic  nerves 
or  the  intracardiac  ganglia;  decrease  to  irritation  of  the  pneumogastric  or 
paresis  of  the  cardiac  sympathetic  nerves  and  ganglia.  Derangements  of 
the  pulse-rate  arise  in  consequence  of  causes  affecting  the  myocardium 

itself. 

Increased  Frequeiicy— Rapld  tleart. — Perhaps  the  most  common  cause 
of  an  increase  in  the  pulse-rate  is  the  action  of  the  fever-producing 
toxins.  We  find  it  therefore  in  the  febrile  infections,  the  increase  in  the 
pul8e-frequency  bearing  a  general  relation  to  the  elevation  of  the  tem- 
perature. The  prognosis  in  severe  febrile  disease  is  more  favorable  where 
this  parallelism  is  maintained  than  in  those  cases  in  which  the  pulse-rate 
is  increased  out  of  proportion  to  the  rise  of  temperature;  the  very  rapid 
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pulse  being  the  sign  of  special  implication  of  the  heart  or  vasomotor 
tem.  In  the  ncute  febrile  di»euses  a  ptilse-rate  of  140-160  in  the 
if  m&intained  for  any  length  of  tirne,  is  of  itseif  ominous.  In  chSdrea 
even  iiigher  pulse-rates  are  not  uncommon  in  caaes  that  run  a  favorable 
courae.  Tlie  effect  of  the  specifio  toxin8  upon  the  mechanism  of  the 
circulation  is  by  no  means  coustant.  A  knowledge  of  the  variations  is  of 
diagnostic  importance  in  doubtful  cases.  In  scarlet  fever  the  pulse-ratei« 
high— 120-160 — throughout  the  whole  course  of  the  attack;  in  diseasM 
to  which  it  bears  some  resemblance,  such  as  angina  tonsillaris,  diphtherii, 
rubetla,  and  measlee,  the  pulae-rate  of  the  period  of  invasion  is  8lower.  The 
pulse-rate  in  acute  mi]iary  tuberculosis  and  in  aepticopyieinic  cunditioiu 
is  high,  Dut  of  proportion  to  the  temperature.  In  malignant  endocarditii 
the  pulse  is  rapici  both  during  the  febrile  paroxysms  and  in  their  intervala. 
In  puerperal  sepsis  a  high  pulse-rate  is  more  constant  than  elevaUon  <^ 
temperature.  Increased  pu]se-frequency  is  common  in  the  early  stages  of 
phthisis  and  usually  persists  throughout  the  who]e  course  of  the  disease, 
alike  in  afebrile  periods  and  when  the  temperature  is  moderate  or  exceseiv& 

On  the  other  hand  the  pulse-frequency  of  enteric  fever  is  low  in  pro- 
portion to  the  temperature.  In  cases  of  average  8everity  it  frequeDttf 
does  not  exceed  100-110  with  a  temperature  range  during  the  fastigium 
of  102°  F.  (38.9°  C.)  A. M.  to  104°  F.  {40°  C.)  p.m.  This  fact  is  not  without 
importance  in  the  differential  diagnosis  between  enteric  fever  and  septic 
infections,  the  9o-called  typhoid  form  of  malignant  endocarditis  and  acut« 
mi!iary  tuberculosis.  A  very  rapid  pulse  in  enteric  fever  is  U5iial1y  tbe 
sign  of  an  inflammatory  compHcation  or  secondary  infection. 

A  frequent  pulse  occurs  in  acute  affections  of  the  heart,  endocarditii, 
pericarditia,  and  niyocarditis,  and  in  chronic  valvular  disease  in  the  BtAfS 
of  failure  of  compensation.  Increased  pulse-frequency  after  slight  eiCN 
tion  oceurs  in  most  forms  of  chronic  myocarditi8,  in  general  muacular 
asthenia,  in  anrernia,  during  convalescence  from  acute  diseases,  and  in  con- 
ditions  of  tbe  neighboring  organs  which  subject  the  heart  to  abnormit 
preaaure,  as  pleurai  effusion,  thoracic  aneurism,  massive  enlargement  nt 
the  liver  and  spleen,  tympany,  and  ascites.  The  frequeney  of  the  pulse  o- 
increased  in  cardiac  palpitation  from  flny  eause. 

The  pul8e-frequency  is  greatiy  increased  in  many  nervous  diseases. 
A  rapid  pulse  with  subnorraal  temperature  is  characteristic  of  shock  aai 
coUapse,  Acceleration  of  the  pulse  is  a  constant  symptom  of  exophthal- 
mic  goitre;  during  the  paroxysins  of  palpitation  the  pulse  is  often  un- 
countable.  In  neurasthenia,  Addisons  disease,  the  primary  and  secondar^ 
an^mlas,  arthritis  defurmans,  and  locomotor  ataxia  the  pulse-frcquency  b 
Iikewi8e  habitually  increased.  In  these  conditions  the  rapidity  of  the  pulae 
may  be  continuous  or  show  itaelf  only  after  moderate  exertion.  In  general 
terms  it  is  proportionate  to  the  8everity  of  the  disease.  Pain  often  csusei 
increase  in  the  pulse-rate.  Exceptionaliy  slowness  of  the  pulse  occure  in 
connection  with  very  intense  pain.    In  either  čase  the  derangement  is  reflei. 

Exce8ses  in  alcohol.  tobacco,  coffee  and  tea,  disorders  of  digestion, 
lack  of  sleep,  other  exhausting  influences,  and  lowered  blood-pressure 
not  rarely  produce  abnormal  pulae-frequency.  Certain  drugs,  aa  »tro- 
pine, have  the  same  effect. 
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TachycardUi — Pycnocardia — Heart  Hurry. — The  extreme  rapidity  which 
follows  violent  exercise  or  fright  may  persist  for  dajrs  or  weeks;  the 
rate  may  reacb  160-220.  The  condition  may  occur  as  a  pure  neurosis. 
Palpitation  and  dyspnoea  are  not  always  present.  The  patient  is  often 
able  to  attend  to  his  ordinary  duties.  Tachycardia  is  one  of  the  8ymp- 
toms  of  the  neurasthenic  at  the  menopause  and  has  been  attributed  to 
reflex  irritation  from  ovarian  or  uterine  disease.  This  symptom  may  be 
due  to  lesions  such  as  a  tumor  or  clot  in  or  about  the  meduUa  or  pressure 
upon  the  pneumogastrics. 

Paroxysmal  tachycardia  is  a  neurosis  characterized  by  attacks  of 
greatly  increased  action  of  the  heart  occurring  at  irregular  intervals  and 
without  obvious  cause.  The  attacks  usually  begin  abruptly  and  are  of 
varying  duration,  frequently  not  exceeding  an  hour  or  two.  The  pulse- 
rate  exceeds  200  and  is  sometimes  uncountable.  Subjective  symptoms 
may  be  absent.    In  many  of  the  cases  there  is  much  distress  and  oppression. 

Diminlflhed  Frequency — Slow  Heart. — In  many  cases  the  normal  pulse- 
rate  does  not  exceed  60.  In  some  individuals  the  pulse  may  be  slow 
under  conditions  in  which  in  others  it  is  rapid.  This  is  often  the  čase 
during  the  period  of  convalescence  from  pneumonia,  enteric  fever,  rheu- 
matic  fever,  and  diphtheria.  The  pulse  is  sIow  while  the  patient  is  at  rest 
but  is  accelerated  by  slight  exertion.  It  is  the  slow  pulse  of  exhaustion 
and  occurs  in  young  persons  and  at  the  close  of  uncomplicated  cases.  Tran- 
sient  sIowing  of  the  pulse  is  a  postcritical  symptom  in  certain  febrile 
diseases,  as  pneumonia.  If  the  pulse-frequency  remains  high  during  an 
abrupt  fall  of  temperature  in  the  course  of  croupous  pneumonia,  pseudo- 
crisis  is  to  be  thought  of.  Slow  pulse  is  encountered  in  chronic  gastritis 
and  ulcer  and  cancer  of  the  stomach.  It  occurs  in  emphysema  but  is  not 
common  in  other  affections  of  the  respiratory  system.  It  is  not  rare  in 
aortic  stenosis  but  is  infrequent  in  other  valvular  diseases  of  the  heart. 
It  is  an  occasional  but  by  no  means  constant  symptom  in  chronic  myocar- 
ditis.  Toxic  agents,  as  lead,  alcohol,  tobacco,  coffee,  digitalis,  and  opium, 
produce  slowing  of  the  pulse,  and  it  occurs  in  some  cases  of  primary  and 
8econdary  ansemia,  diabetes,  and  myxcDdema,  e8pecially  while  the  patient 
is  at  rest. 

Bradycardia— Brachycardia. — The  pulse-rate  falls  as  low  as  40  and 
may  be  persistently  slow.  It  is  important  to  see  that  the  arterial  pulse 
corresponds  in  frequency  with  the  cardiac  contractions.  Bradycardia 
may  be  physiological  or  pathological.  In  rare  instances  it  is  a  peculiaritv 
of  normal  individuals.  During  labor,  whether  premature  or  at  term,  the 
pulse  may  fall  to  40  or  below  it.  Slow  pulse  is  one  of  the  symptoms  of 
hunger  and  cxhaustion.  Cachectic  individuals  have  usually  not  only 
subnormal  temperature  but  also  a  slow  pulse-rate.  Slowing  of  the  pulse 
occurs  in  gall-stone  colic,  in  renal  and  hepatic  colic,  and  in  lead  colic.  It  is 
associated  with  acute  but  not  necessarily  with  chronic  jaundice.  Either  the 
circuIatory  mechanism  becomes  habituated  to  the  bile  intoxication  or 
the  bile  salts  are  diminished  in  amount.  firadycar(iia  occasionally  occurs 
in  disease  of  the  genito-urinary  tract,  especially  in  nephritis  and  in  ursmia. 
It  is  of  special  diagnostic  importance  in  acute  cerebral  disease  associated 
with  intracranial  pressure.     It  occurs  in  various  forms  of  meningitis. 
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especially  tuberculous  meningitis,  in  which  considerable  elevation  of  tem- 
perature is  sometimes  associated  with  a  slow  pulse.  Cbronic  cerebral 
compression,  such  as  results  from  tumor  or  hydrocephalus,  is  not  attended 
with  bradycardia  except  during  acute  exacerbations.  Apoplexy,  the 
postepileptic  state,  disease  of  the  meduUa  and  diseases  and  injuries  of  the 
eervical  cord  may  be  associated  with  a  very  slow  pulse.  Bradycardii 
occurs  in  general  paresis,  mania,  and  melancholia.  It  constitutes  the 
essential  sign  of  heart  block.  A  very  slow  pulse  is  occasionally  associated 
witb  shock  and  may  follow  the  rapid  evacuation  of  large  peritoneal  or 
pleuritic  effusion. 

Rhythin. — Under  normal  conditions  the  pulse  is  regular  or  rhythmic, 
that  is  to  8ay/  the  individual  pulse-waves  are  of  like  volume  and  follow 
one  another  at  equal  intervals  of  tirne.  Phy8iological  derangements  of 
rhythm  are  slight  and  transient  and  occur  under  those  physiological  con- 
ditions which  are  attended  by  changes  in  the  pulse-frequency.  Marked 
disturbances  of  rhythm — arrhythmia — are  always  pathological  and  have 
their  source  either'  in  functional  derangements  of  the  heart  or  demon- 
strable  lesions  of  that  organ. 

The  causes  of  the  various  disturbances  of  rhythm  are,  (a)  psychic  or 
emotional,  (b)  organic  cerebral  disease,  as  endarteritis,  hemorrhage,  con- 
cussion,  or  compression,  (c)  reflex,  such  as  produce  the  cardiac  irregularitj 
in  gastro-intestinal  derangements  and  diseases  of  the  liver,  kidne>^,  or 
g3nito-urinary  organs,  (d)  toxic,  the  common  agents  being  tea,  coffee, 
tobacco,  and  alcohol,  and  finally  (e)  changes  in  the  heart  itself. 

Arrhythinia.     The  following  types  are  to  be  considered: 

1.  Re8piratory  arrhythmia:  Sinus  lrres:ularity  of  Mackenzie;  Pulsus 
Respiratorius. — Variation  in  the  length  of  the  diastolic  period  is  the  chief 
characteristic,  the  systolic  period  remaining  constant.  The  normal  inspir- 
atory  increase  and  expiratory  decrease  of  the  cardiac  action  are  exag- 
gerated.  It  is  easily  recognized,  pulse  beats  of  equal  strength  but  frequency 
continuously  changing  with  the  phases  of  the  respiration  being  recognized 
by  the  finger  and  upon  auscultation.  With  marked  slowing  of  the  inspira- 
tion,  the  pulse  shows  this  irregularity  with  great  constancy.  This  form  of 
arrhythmia  is  of  vagus  origin  and  is  attributed  to  an  exaggeration  of  the 
normal  respiratory  reflex.  Jugular  tracings  show  that  the  right  auricie  and 
ventricle  contract  with  the  same  irregular  rhythm  as  the  radial  pulse.  It  has 
been  observed  in  infants,  healthy  adolescents  and  less  frequently  in  healthv 
adults  and  is  not  uncommon  in  the  convalescence  from  the  acute  febrile 
infections,in  cerebral  disease,  especially  tuberculous  meningitis,  neurasthenia 
and  anaemic  states.    It  is  of  no  great  diagnostic  significance. 

2.  Extra8y8tole ;  Pulsus  Extnisy8tollcu8. — According  to  Mackenzie 
this  term  should  be  limited  to  "premature  contractions  of  the  auricie  or 
ventricle  in  response  to  a  stimulus  from  some  abnormal  point  of  the  heart, 
but  when  otherwise  the  fundamental  or  sinus  rhythm  of  the  heart  is  main- 
tained."  As  the  primary  automatic  stimulus  for  contraction  arises  normallv 
in  the  remains  of  the  sinus  venosus  at  the  mouths  of  the  great  veins — sino- 
auricular  node — and  since  this  primitive  cardiac  tube  is  represented  in  the 
auricie — atrio-ventricular  node — and  in  the  bundle  of  His  and  its  extensioD 
to  the  ventricles,  and  each  section  of  the  heart  is  capable  of  ui4ependent 
automatisni,  the  following  forms  of  extra8y8tole  occur: 
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a.  Ventricular  Extrasy8tole. — The  origin  of  the  eKtrasjrstole  is 
assumed  to  be  in  the  atrio ventricular  bundle  beyond  the  atrio-ventricnlar 
node.  The  ventricle  contracts  in  advance  of  its  normal  tirne.  This  con- 
traction  is  followed  by  the  usual  refractory  period  during  which  the  ven- 
tricle fails  to  react  to  the  normal  stimulns  from  the  sino-auricnlar  node  with 
the  occurrence  of  a  compensatory  panse  which  is  longer  than  the  normal 
diastolic  panse  by  so  much  as  to  make  up  the  loss  in  duration  of  the  pre- 
ceding  diastole  and  is  followed  by  a  forcible  postcompensatory  systole  in 
response  to  the  succeeding  rhythmic  stimulns  from  the  sino-anricnlar  node. 
It  is  characteristic  of  the  ventricular  extrasystole  that  the  compensatory 
pause  plus  the  diastole  preceding  the  extrasystole=two  normal  diastoles. 

b.  AuRicuLAR  ExTRASY8TOLE. — ^The  stimulus  arises  in  the  remains  of 
the  primitive  cardiac  tube  incorporated  in  the  auricle  below  the  level  of  the 
sinus.  The  premature  auricular  contraction  is  followed  by  ventricular 
contraction  and  a  long  pause  after  the  extrasystole  due  to  the  fact  that  the 
normal  rhythmic  stimulus  from  the  sinus  occurs  during  the  refractory  period 
of  the  auricle.  The  auricle  and  ventricle  are  quiescent  until  the  occurrence 
of  the  next  sinus  stimulus.  In  auricular  extrasystole  the  pause  is  not 
usually  fully  compensatory.  The  sounds  of  the  heart  and  the  radial  pulse 
do  not  differ  from  those  of  ventricular  extrasystole  from  which  auricular 
extrasystole  can  only  be  differentiated  by  simultaneous  tracings  of  the 
jugular  pulse. 

C.  Auricular  Ventricular  Extrasystole8;  Nodal  Extrasystole8. 
— This  form  of  extra8ystole  is  attributed  by  Mackenzie  to  an  abnormal 
stimulus  originating  in  the  auriculo- ventricular  node  of  Tawara  and  causing 
premature  and  simultaneous  contractions  of  auricles  and  ventricles.  Other 
observers  regard  it  as  a  ventricular  extrasystole  in  which  the  stimulus  has 
passed  back  and  prematurely8timulated  the  auricle — ''a  retrograde  auricular 
8ystole." 

Extrasystoles  constitute  the  most  common  causes  of  arrhythmia. 
They  may  occur  at  regidar  or  irregular  intervals,  during  more  or  less  pro- 
longed  periods  or  continuously,  and  these  three  forms  of  extrasystole  may 
be  present  in  varying  combination  or  in  association  with  other  forms  of 
arrhythmia.  They  are  attributed  to  an  undue  excitability  of  the  remains 
of  the  primitive  cardiac  tick.  Most  patients  experience  no  subjective  symp- 
toms  in  connection  with  the  occurrence  of  extrasystoles.  When,  however, 
their  attention  is  called  to  the  irregularity;  they  are  often  unneces8arily 
annoyed  by  various  precordial  sensations  described  as  ''fluttering/'  "heart 
dropping"  or  the  ''strong  beat"  which  often  follows  the  long  pause.  Extra- 
8ystoles  are  of  common  occurrence  in  neurotic  individuals  under  various 
cjrcumstances,  especially  excitement  or  exertion,  in  advanced  life,  at  pub- 
erty,  the  climacteric  and  during  pregnancy;  in  habitual  over-indulgence  in 
tobacco,  tea,  coffee  or  alcohol;  in  the  convalescence  from  the  acute  febrile 
infections  and  in  arterio-  and  cardio-sclerosis.  They  are  e8sentially  of 
minor  clinical  importance  but  the  conditions  of  which  they  are  symptomatic 
are  often  grave.  Pulsus  bigeminus  is  that  form  of  irregularity  in  which 
every  second  beat  is  an  extrasystole  and  is  usually  smaller  than  the  normal 
beat.  The  smaller  beat  is  invariably  followed  by  a  pause  longer  than  the 
pause  preceding  it.    The  extra8y8tole  may  appear  after  every  1,  2,  3,  4  or 
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more  normal  beats  and  on  account  of  the  long  compensatory  pause  is 
spoken  of  as  an  intermission  or  the  ''dropping  of  a  beat." 

3.  Nodal  Rhythiii — Continuous  liTes:ularity ;  Rhythiii  of  Auiicolar 
Fibriliation — Ventricular  Rhythni ;  Pulsus  liTes:ulari8  Perpetuus. — Accord- 
ing  to  Mackenzie  the  automatic  impnlse  starts  at  the  auriculo-ventricular 
node  and  the  auricles  and  ventricles  contract  nearly  at  the  same  time; 
according  to  Ciishny  the  arrhythmia  is  due  to  fibriliation  of  the  auricie 
which  ceases  to  contract  as  a  whole.  The  condition  is  characterized  by 
extreme  and  continuous  irregularity  of  the  action  of  the  heart — perpetual 
irregularity;  delirium  cordis — by  the  absence  of  the  sinus  rhythm,  the 
presence  of  a  ventricular  or  positive  venous  pulse  and  the  absence  of  an 
auricular  wave  in  the  jugular  tracing.  The  nodal  rhythm  is  present  in  the 
majority  of  cases  of  severe  heart  failure  and  in  a  great  many  the  immediate 
breakdown  is  directly  attributed  to  the  inception  by  the  heart  of  this 
abnormal  rhythm.  (Mackenzie.)  The  hearfs  actipn  may  be  (a)  not 
greatly  increased  and  the  evidences  of  cardiac  insuj£ciency  may  not  be 
marked  for  a  long  time,  or  (b)  it  may  be  greatly  increased.  Sensations  of 
fluttering  in  the  left  chest  and  rapidly  developing  symptoms  of  cardiac 
insufficiency  occur.  The  pulse  is  small,  rapid  and  except  when  extremely 
rapid  very  irregular  in  tachycardia;  and  (c)  the  nodal  rhythm  is  transient 
and  recurrent;  see  Paroxysmal  Tachycardia.  The  significance  of  the  nodal 
rhythm  is  grave.  Improvement  in  the  underlying  cardiac  condition  may 
occur  under  rest  and  the  administration  of  digitalis,  but  it  is  transient  and 
exertion  is  almost  always  followed  by  a  recurrence  of  the  symptoms. 

4.  Partial  or  Complete  Heart  Nock;  Ventricular  Rhythni;  Pulsus  Trans« 
mlsslonus. — ^This  form  of  arrhythmia  is  attributed  to  partial  or  com- 
plete impairment  of  the  conductivity  of  the  bundle  of  His.  The  ventricle 
fails  to  contract  after  the  auricular  contraction.  The  stimulus  may  be 
delayed  or  at  times  prevented  from  passing  over,  or  finally  it  may  be  com- 
pletely  blocked  beyond  the  auricular  ventricular  node  and  the  contraction 
of  the  ventricle  then  arises  in  response  to  a  stimulus  originating  in  the 
functionating  remains  of  the  bundle  of  His — Heart  Block;  Ventricular 
Rhythm. 

5.  Pulsus  Altemans;  Exhaustlon  of  Contractlllty. — This  form  of 
arrhythmia  is  characterized  by  an  alternating  succession  of  large  and  small 
beats,  the  rate  of  the  heart  remaining  perfectly  regular.  It  indicates  weak- 
ness  of  the  heart  muscle.  The  large  contraction  encroaches  upon  the  period 
of  rest  so  that  contractility  has  not  sufficiently  recovered  to  fully  react  to 
the  next  stimulus,  hence  the  smaller  beat  due  to  diminished  energy  of  the 
heart  muscle  at  the  moment.  The  smaller  contraction  is  in  turn  followed 
by  a  longer  period  of  rest  and  a  correspondingly  larger  pulse  beat.  Pulsus 
altemans  is  not  to  be  confounded  with  extrasystole. 

Volume. — The  volume  is  the  size  of  the  artery  under  the  influence  of 
the  pulse-wave.  It  depends  upon  the  degree  of  relaxation  of  the  muscular 
coat.  If  the  expansion  is  marked  the  volume  is  correspondingly  great  and 
the  pulse  is  said  to  be  large  or  full — pulsus  magnu^.  If  the  expan8ion  is 
slight  the  pulse  is  said  to  be  small — jndsus  parvus.  The  large  puLse  is  com- 
monly  a  pulse  of  low  tension.  The  small  pulse  varies  in  tension.  If  low  it 
is  the  sign  of  feeble  action  of  the  heart  oi  dlminiahed  amount  of  blood.    The 
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pulse  is  small  and  of  lov  tension  in  valvular  disease  of  the  heart  witb 
ruptured  compcnsation,  and  small  and  usually  of  good  tension  in  aortic  and 
mitral  stenosis. 

C«lerlty. — ^There  ia  an  important  distinction  between  the  frequency 
of  the  pulse,  that  is,  the  number  of  beats  in  a  minute,  and  the  mode  ta  which 
the  pulse-wave  develops  under  the  fii^r.  The  pulae  ia  s^d  to  be  qiiick — 
pttlsua  celer — ^when  it  is  characterized  by  a  wave  of  rapid  ascent  and  equally 
rapid  recedence.  The  quick  pulse  is  a  pulse  of  lov  tension.  It  is  encountered 
wben  the  peripheral  vessels  are  relajced,  as  in  the  fevers  and  in  various  forms 
of  aosmia.  Celerity  is  characteristic  of  the  water-hammer  pulse  of  aortic 
insufficiency.    Tbia  pulse  occurs  also  in  conseguence  of  the  extreme  relaxa- 
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tion  of  the  peripheral  artenea  in  mBiiy  cases  of  neurastbenia.  In  these  con- 
ditions  there  is  often  a  visible  pubation  in  the  superficiai  arteries  aesociated 
vith  capillary  and,  in  some  instances,  with  venous  pulsation. 

The  tardy  pulse — jmlsm  tardus — is  characterized  by  the  gradual  rise 
and  equally  gradual  desceat  of  the  pulse-wave.  It  is  a  pulse  of  high  tension 
and  is  encountered  in  arteriosclerosis,  advanced  age,  chronic  iuterstitial  ne- 
phritis,  and  in  some  instances  during  the  attacks  of  angina  pectoris.  The  pulse 
in  aortic  stenosis  and  in  arteries  peripheral  to  an  aneurism  is  commonly  tardy. 

Tension. — Tbis  term  includes  those  qualities  of  the  pulse  which  indi- 
cate  the  arterial  blood-pressure.  On  the  one  hand  the  adjectives  hard  and 
tcnse  are  aometimes  used  interchangeably  in  regard  to  the  pulse, — piUtua 
dunta,— ^while  on  the  other  hand  the  adjective  soft  is  used  synonymously 
with  relaxed — puUtu  moliis.  The  clinician  must,  however,  be  constantly 
on  his  guard  against  confounding  rigidity  of  the  arterial  wall  with  intra- 
arterial  tension  or  blood-pressure.  It  is  important  also  to  distinguiah  between 
the  tension  corresponding  to  the  ventricular  syBtole  and  that  coirespond- 
ing  to  the  ventricular  diastole. 

High  tension  occurs  ia  chronic  interstitial  ncphritis,  gout,  lead  poisoa- 
ing,  and  in  the  diabetes  of  advanced  age.  The  pulse  is  small  and  tense  in 
the  early  stages  of  acute  peritonitis.  The  pulse  tension  is  iocreased  iu  preg- 
iiancy  and  in  some  forms  of  anaemia. 
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The  pulse  of  low  tension  is  soft  and  compressible.  It  is  a  sign  of  cardiac 
and  general  asthenia  and  oceurs  in  ali  forms  of  depression  and  exhaustion. 
The  pulse  of  obese  persons  is  very  often  of  low  tension«  Temporary  diminu- 
tion  of  arterial  tension  may  follow  hot  drinks,  aicoholic  beverages,  the  hot 
bath,  and  accompany  the  period  of  reaction  following  great  physical  exertion 
or  mental  excitement.  The  statement  is  very  often  made  that  arterial  ten- 
sion increases  with  age.  The  clinician  will  do  well  to  recognize  the  distinction 
between  histological  changes  in  the  arterial  walls  and  increase  of  intra-arterial 
pressure.  When  the  diastolic  pressnre  is  relatively  high  and  the  artery  re- 
mains  well  filled.between  the  beats,  the  pulse  is  said  to  be  full — pulsus  plenua. 
When  the  pulse-wave  is  very  full  and  quick  and  the  vessels  are  soft  and  com- 
pressible, the  pulse  is  sometimes  spoken  of  as  gaseous.  When  the  artery  is 
coUapsed  between  the  beats,  the  pulse  is  said  to  be  empty — puLsus  vacuus,  vd 
inanis.  When  the  pulse-wave  is  very  small  and  the  artery  relaxed,  the  pulse 
is  deseribed  as  thready,  running,  or  undulatory. 

The  blood-pressure — arterial  tension — ^may  be  estimated  by  the^fingers; 
but  more  exaet  and  definite  measurements  are  made  by  various  forms  of 
sphygmomanometers. 

Dicrotism. — The  occurrence  of  a  secondary  pulse7wave  in  each  arterial 
beat  is  commonly  shown  in  normal  sphygmographic  tracings.  It  is  recog- 
nized  by  the  fic^er  only  when  fairly  well  marked.  The  conditions  which 
favor  dicrotism  are:  diminished  arterial  tension,  relaxed  capillaries, — both 
of  which  are  due  to  diminished  vasomotor  tonicity, — a  sudden  forcible  ven- 
tricular  systole,  and  relaxation  of  the  arterial  walls.  Dicrotism  may  be  oc- 
casionally  recogmzed  by  the  finger  in  persons  apparently  in  good  healtb. 
Such  individuals  usually  manifest  a  high  degree  of  vasomotor  instability,  are 
easily  fatigued  and  bear  acute  illness  badly.  The  clinical  condition  in  which 
dicrotism  is  most  marked  is  fever.  It  is  usually  well  developed  in  enteric 
fever  from  the  beginning  of  the  second  week. 

OTHER  ANOMALIES  OF  THE  PULSE. 

The  pulse  should  be  examined  not  only  in  both  radials  but,  under  cer- 
tain  circumstances,  in  the  superficial  arteries  elsewhere.  Retardation,  small- 
ness,  feebleness,  or  obUteration  of  the  pulse  on  one  side  of  the  body  or  locally 
may  be  caused  by  deviations  from  normal  anatomical  standards  or  by  trau- 
matism,  embolism,  thrombosis,  tumor  pressure,  and  aneurism. 

If  the  pulse  be  relatively  feeble  or  small,  or  if  it  be  absent^in  the  righi 
radial,  it  may  indicate  an  aneurism  of  the  ascending  aorta  or  innominate;  in 
the  left  radial,  an  aneurism  of  the  transverse  or  descending  portion  of  the  arch; 
in  a  radial  of  either  side  it  may  indicate  the  presence  on  the  same  side  of  em- 
bolism, thrombosis,  aneurism  of  the  subclavian,  axillary,  or  brachial  arteries, 
cervical  or  axillary  tumors  exerting  pressure  upon  the  vessel,  and  if  slight  in 
degree  may  be  suggestive  of  pneumothorax  or  large  pleural  efifusion;  in  one 
femoralf  popliteal,  or  posterior  tibial  artery  the  interference  of  the  circidation 
may  be  due  to  aneurism,  tumor  pressure,  embolism,  or  thrombosis;  in  these 
vessels  on  both  sides,  to  abdominal  aneurism  or  congenital  obUteration  of  the 
aorta.  Absence  of  pulse  in  the  femorals  is  an  occasional  sign  of  aneurism  of 
the  abdominal  aorta. 
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The  Pulse  ki  Different  Conditionsof  the  Heart — ^Mtocarditis. — In  the 
variouB  fonns  of  sclerosis  the  pulse  is  ii8ually  feeble.  It  is  sometimes,  but  not 
invariably,  irregular.  It  is  commonly  slow,  and  not  inf requently  bradycardia 
is  present,  the  pulse  falling  as  low  as  30  or  40  per  minute.  In  fatty  heart  the 
pulse  may  show  the  same  characteristic.  £xtreme  fatty  changes  occur,  how- 
ever,  without  modification  of  the  pulse,  which  may  remain  regular  and  of 
moderate  strength. 

MiTRAL  Stenosis. — In  the  early  stages  the  frequency  of  the  pulse  is 
not  increased.  It  is  small  and  rather  tardy,  the  artery  not  well  fiUed,  the  suc- 
cessive  beats  irregular  in  time  and  volume. 

MiTRAL  Incompetence. — The  modifications  depend  upon  the  extent 
of  the  lesion  and  the  condition  of  the  left  ventricle.  The  frequency  is  in- 
creased, the  volume  and  tension  are  diminished,  the  rhythm  usuallyy  but  by 
no  means  constantly,  irregular. 

AoRTic  Stenosis. — In  uncomplicated  cases  the  pulse  is  slow,  its  vol- 
ume diminished,  its  tension  maintained,  the  artery  being  well  fiUed  during 
the  ventrieular  diastole.    The  pulse  of  aortic  stenosis  is  usually  regular. 

AoRTic  Incompetence. — The  large  mass  of  blood  propelled  into  the 
aorta  by  the  dilated  and  hypertrophied  left  ventricle  causes  sudden  disten- 
tion  of  the  arterial  systemy  which  is  followed  by  an  equally  sudden  coUapse 
resulting  from  the  failure  of  the  base  of  support  to  the  coliunn  of  blood  nor- 
mally  supplied  by  the  aortic  valves;  characteristic  and  striking  changes  in 
the  arterial  pulse  result,  and  are  manifested  in  ali  the  superficial  arteries. 
The  pulse  is  increased  in  frequency  and  usually  regular.  The  artery  is  sud- 
denly  distended,  the  pulse  being  quick,  jerking,  visible,  and  abruptly  receding. 
The  pulse  is  locomotor,  that  is  to  say,  the  visible  arteries  are  elongated  and 
their  curves  accentuated.  The  jerking,  visible,  and  collapsible  character  of 
the  pulse,  as  observed  in  the  arm  and  wrist,  is  intensified  by  elevating  the 
member  above  the  head.  Very  of ten  there  is  pulsation  at  the  root  of  the  neck, 
and  in  well-developed  cases  there  is  distinct  pulsation  of  the  tissues  of  the 
hands  and  feet — capillary  pulse — which  may  be  felt  by  gently  grasping  the 
hand  or  foot,  placing  the  thumb  upon  the  palmar  or  plantar  surface  and  the 
fingers  upon  the  dorsal  surface.  With  the  ophthalmoscope  pulsation  of  the 
retinal  arteries  may  be  seen.  Capillary  and  the  so-called  penetrating  venous 
pulsation  also  occur. 

The  pulse  of  aortic  incompetence  is  frequently  called  the  Corrigan  pulse, 
after  Sir  Dominic  Corrigan,  who  first  systematically  studied  and  described 
its  peculiarities. 

Arteriosclerosis. — Modifications  of  the  pulse  in  arteriosclerosis  de- 
pend upon  the  peripheral  resistance  and  the  force  of  the  ventrieular  systole. 
Sclerosis  and  high  tension  are  usually  associated.  The  pulse-wave  is  tardy, 
sustained,  and  subsides  slowly,  the  vessel  remaining  full  between  the  beats — 
diastolic  tension.  Pressure  of  the  finger  does  not  readil/  obliterate  the  pulse. 
An  efifort  must  be  made  to  discriminate  between  the  fimmess  due  to  intra- 
arterial  tension  and  that  due  to  thickening  of  the  arterial  wall.  If,  when  the 
pul8e-wavc  is  arrested  by  the  pressure  of  the  finger,  the  artery  can  be  felt  be- 
yond  the  point  of  compression,  its  walls  are  thickened. 
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CAPILLARY  PULSE. 

NormalIy  the  pulse-waves  penetrate  to  the  smailest  arteries  but  are 
lost  in  the  capillaries.  Under  certain  circumstances,  however,  the  pulse  is 
manifest  in  the  capillaries  and  shows  itself  upon  inspection  as  a  pulsatile 
flushing  and  fading  of  the  surface.  Conditions  which  especially  favor  the  de- 
velopment  of  the  capillary  pulse  are  relaxation  of  the  peripheral  circulation 
and  rapid  diseharge  of  a  large  amoiint  of  blood  from  the  ventricle  into  the 
arterial  system — pulsiLS  celer.  Capillary  pulse  is  occasionally  seen  in  areas 
of  local  hypersemia  and  inflammation,  as  in  whitlow,  and  patients  often  reo- 
ognize  this  inereased  pulsation  in  the  throbbing  character  of  the  pain.  Of 
greater  interest  is  the  capillary  pulse  of  aortic  incompetence.  It  is  seen  in 
the  pulsatile  ehanging  in.  the  color  intensity  of  the  nail-bed — svbungual  pulse 
— a  phenomenon  which  becomes  more  marked  when  the  nail  is  slightly  pressed 
near  its  edge  so  that  the  underlying  tissue  is  momentarily  pale.  The  border 
line  between  the  pink  and  white  advances  and  recedes  with  each  cardiac  revo- 
lution.  The  capillary  pulse  ean  be  distinguished  in  the  ear,  lips,  cheek,  and 
especially  distinctly  upon  the  forehead  at  a  point  where  it  is  reddened  by  light 
rubbing.  The  capillary  pulse  shows  clearly  through  a  piece  of  glass  pressed 
upon  the  mucous  surface  of  the  everted  lip.  It  is,  however,  not  confined  to 
aortic  regurgitation,  but  occurs  also  in  pyrexia,  chlorosis,  and  other  forms  of 
ansemla,  neurasthenia,  and  exophthalmic  goitre.  The  capillary  pulse  of  aortic 
incompetency  is  more  marked  in  stages  in  which  the  compensation  is  good 
and  disappears  upon  the  failure  of  compensation. 

VENOUS  PULSE. 

The  modifications  of  intrathoracic  pressure  caused  by  respiration  are 
of  importance  in  connection  with  the  venous  circulation.  Inspiration  hastens, 
expiration  retards  the  flow  of  blood  in  the  veins.  These  modifications 
are  not  seen  upon  ordinary  quiet  breathing.  On  the  other  hand,  in  forced 
respiration  and  dyspnGea  there  is  expiratory  venous  distention  and  inspira- 
tory  venous  coUapse,  best  seen  in  the  veins  of  the  neck,  especially  when  they 
have  been  enlarged  by  previous  congestion  and  are  therefore  more  distinctly 
visible.  Even  more  marked  is  the  influence  of  the  variations  of  intrathoracic 
pressure  by  violent  cough  and  prolonged  muscular  effort.  In  individuals  in 
which  these  paroxysms  of  intravenous  pressure  recur  through  long  periods,  as 
in  those  who  suffer  from  chronic  paroxysmal  cough,  the  veins,  especially  the 
jugular,  become  permanently  enlarged,  so  that  during  the  paroxy8ms  the 
patient  is  not  only  cyanosed  but  manifests  a  distinct  distention  of  the  vessels 
at  the  root  of  the  neck.  The  jugular  bulb  sometimes  appears  as  a  small, 
sausage-like  swelling  in  the  region  of  the  insertions  of  the  stemocleidomastoid 
muscle. 

More  rarely  distention  of  the  veins  takes  plače  during  inspiration; 
retraction  upon  expiration.  This  reversal  of  the  ordinary  conditions  is  the 
result  of  mechanical  interference  by  pressure  or  traction  upon  the  great  veins 
within  the  thorax,  such  as  occurs  in  chronic  mediastinitis,  mediastinal  tumors 
or  a  large  pericardial  or  pleural  effusion, — conditions  in  which  Kuasmaul^s 
pulsus  paradoxus  is  frequentiy  observed. 
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The  Porms  ol  Venous  Pulse. — Pulsation  in  the  veins  is  due  to  the  move- 
ments  of  the  heart  and  bas  the  cardiac  rhythm.  A  pulsation  communicated 
by  the  imderlying  carotids  is  sometimes  seen  in  the  external  jugular  veins. 
This  is  the  so-called  faise  venous  pulse.  The  distinction  between  this  and 
true  venous  pulsation  is  usually  unattended  with  diflSculty.  The  more 
extended  superficial  pulsation  due  to  the  greater  width  of  the  vein  and  the 
peculiar,  prolonged,  undulatory  movement  which  is  characteristic  of  the  low 
intravenous  tension  are  of  importance.  Upon  light  palpation  the  pulse  is  feeble 
and  compressible  and  in  strong  contrast  to  that  elicited  upon  palpation  of  the 
iuiderlying  artery.  Upon  compression  of  the  vein  the  peripheral  pulsation 
continues  or  may  be  increased  in  consequence  of  the  distention;  upon  com- 
pression of  the  axteTy  at  the  root  of  the  neck  the  pulsation  wholly  disappears. 

Truc  Venous  Pulse. — Three  forms  are  encountered:  the  physiological 
or  negative  venous  pulse,  the  regurgitant  or  positive  venous  pulse,  and  the 
penetrating  or  positive  centripetal  venous  pulse. 

(a)  Negative  Venous  Pulse. — ^This  form  of  pulsation  in  the  veins  is 
called  normal  or  physiological  because  it  is  constantly  seen  in  the  exposed 
veins  of  animals  and  frequently  in  the  jugulars  of  human  beings  in  health. 
It  is  not  observed  in  ali  persons,  simply  because  the  jugular  veins  in  many 
individuals  are  difficult  or  impossible  to  distinguish.  It  is  very  obvious 
upon  inspection  in  those  persons  in  whom  the  veins  are  distended  and  plainly 
visible.  The  physiological  venous  pulse  is  readily  distinguished  from  positive 
or  regurgitant  venous  pulsation  by  compression  of  the  vein  with  the  finger. 
The  pulsation  peripheral  to  the  point  of  compression  ceases,  and  that  central 
to  it  likewise  disappears  or  becomes  much  fainter.  The  diminution  or  com- 
plete  disappearance  in  the  latter  čase  makes  it  evident  that  the  pulse-waves 
are  not  transmitted  to  the  blood  in  the  veins  by  the  cardiac  8ystole.  It  is 
thus  apparent  that  the  continuous  blood  stream  from  the  veins  is  rhythmic- 
ally  restrained  and  hastened  by  the  action  of  the  heart.  The  negative  venous 
pulse  is  observed  in  the  external  and  intemal  jugulars.  It  is  presystolic  in 
tirne.  The  collapse  of  the  vein  at  the  time  of  the  ventricular  systole  is  at- 
tributed  to  the  negative  intrathoracic  pressure  caused  by  the  diminution  in 
the  size  of  the  heart  at  that  moment  in  its  revolution.  During  thejventricular 
diastole  the  aspiration  influence  ceases  and  the  blood  accumulates  in  the 
veins.  It  may  be  urged  against  this  statement,  however,  that  the  venous 
pulse,  central  to  the  point  of  compression,  though  always  reduced,  does  not 
in  ali  cases  wholly  disappear;  but  the  extemal  jugular  cannot  be  entirely 
emptied  of  blood,  as  there  are  tributary  veins  central  to  the  point  of  com- 
pression. In  some  cases  this  form  of  venous  pulsation  can  be  stili  furthep 
reduced  by  simultaneous  compression  of  the  subclavian.  In  order  to  deter- 
mine  the  time  of  the  venous  pulse,  which  is  diastolic, — presystolic, — it  must 
be  compared  with  the  carotid  pulse,  which  is,  of  course,  8ystolic.  The  neg- 
ative venous  pulse  is  without  diagnostic  significance.  A  knowledge  of  it  is 
neces8ary,  however,  in  order  that  it  may  be  dififerentiated  from  the  form 
about  to  be  described. 

(b)  Positive  or  Regurgitant  Venous  Pulse. — ^This  form  of  venous 
pulsation  is  observed  in  tricuspid  incompetence.  During  the  ventricular 
«y8tole  the  blood  regurgitates  into  the  right  auricie  and  the  pul8e-wave  is 
transmitted  to  the  vein.    The  pulsation  is  pre8y8tolic-6ystolic  rather  tbao 
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piirely  8yBtoIic,  as  in  tbe  čase  of  the  arterial  pulse.  When  tbe  valve  in  the 
jugular  is  competent  the  pulsation  is  more  marked  in  tbe  bulb,  but  it  does 
not  always  cease  at  the  level  of  tbe  valve  even  when  competent.  The  r^^- 
gitation  is  intemipted,  but  a  positive  pulse-wave  of  similar  form,  though 
weakery  is  induced  in  the  blood  whicb  accumulates  above  the  valve.  In  some 
instances  the  closure  of  the  valve  mider  the  influence  of  the  regurgitant  blood 
wave  gives  rise  to  a  somid  distinctly  audible  upon  auscultation.  In  the  ma- 
jority  of  instances,  as  a  result  of  tbe  over-distention  of  the  veins,  tbe  valve 
becomes  insufficient,  so  that  the  positive  pulse  is  equally  perceptible  over  the 
upper  portion  of  the  jugular.  The  distinction  between  the  positive  and 
negative  venous  pulse  rests  upon  the  correspondence  of  the  former  with  the 
carotid  pulse  and  its  persistence  in  the  pulsating  vein  below  the  point  of  com- 
pression.     As  a  rule,  positive  venous  pulsation  is  observed  only  in  the  jugulars. 

This  form  of  pulsation  is  a  sign  of  tricuspid  incompetence.  It  bas,  how- 
ever,  been  observed  in  two  extremely  rare  conditions  in  whicb  the  lesions 
likewise  favor  the  transmission  of  the  8ystolic  pulse-wave  to  the  jugular  veins, 
namely,  mitral  incompetence  with  persistent  foramen  ovale  and  aneimsm 
of  the  aorta  communicating  with  tbe  descending  vena  cava. 

Tbe  patient  should  be  examined  in  tbe  recumbent  posture  and  during 
very  quiet  breathing.  Before  making  compression  in  the  course  of  the  vein 
the  finger-nail  should  be  placed  upon  the  vein  at  the  root  of  the  neck  and 
lightly  drawn  upward  to  empty  the  vessel.  In  the  absence  of  regurgitation 
the  vein  refills  slowly,  but  if  the  tricuspid  valves  be  incompetent  the  vein 
quickly  refills  from  below  and  again  pulsates. 

Pulsation  of  the  Liver, — In  advanced  cases  of  tricuspid  incompetence 
tbe  Uver  becomes  enlarged  and  the  bepatic  veins  dilated  and  engorged.  In 
this  condition  the  organ  pulsates,  the  regurgitant  wave  being  transmitted 
through  the  inferior  vena  cava.  The  pulsation  may  be  recognized  upon  pal- 
pation,  one  hand  being  placed  over  the  cartilages  of  the  lower  ribs  to  the  right 
of  the  ensiform  cartilage,  and  the  other  upon  tbe  side  at  the  costal  margin. 
An  expansive  pulsation  of  the  entire  organ  can  be  felt  with  each  cardiac  im- 
pulse.  In  marked  instances  liver  pulsation  may  be  made  out  upon  inspection. 
Pulsation  of  the  liver  must  be  distinguished  from  the  jogging  of  the  organ  by 
a  powerfully  acting  h3rpertrophied  heart.  It  must  also  be  distinguished  from 
the  epigastric  pulsation  of  the  abdominal  aorta — dynamic  pulsation — and 
from  aneurismal  pulsation.  In  very  rare  cases  of  aortic  regurgitation,  with 
good  compensation  and  no  sign  of  tricuspid  incompetence,  an  arterial  liver 
pulse  bas  been  noted,  and  local  pulsation  with  double  murmur  bas  been 
observed  in  acute  cholangeitis. 

(c)  Penetrating  or  Positive  Centripetal  Venous  Pulse. — ^This 
rare  phenomenon  is  due  to  the  fact  that  under  certain  conditions  the  pulse- 
wave  is  not  lost  in  the  capillaries  but  transmitted  through  them  to  the  smaller 
veins.  It  bas  the  same  significance  as  the  capillary  pulse  and  occurs  in  cases 
of  aortic  incompetence  or  neurasthenia  with  great  vasomotor  relaxation.  It 
bas  been  observed  in  cases  in  which  the  capillary  pulse  bas  been  faintly  per- 
ceptible or  absent  altogether.  It  is  associated  witb  quick  arterial  pulse  of 
large  volume  and  is  manifest  not  in  the  jugulars  but  in  tbe  small  veins  of 
the  extremities,  and  disappears  upon  compression  in  the  central,  not  in  the 
peripber&l,  portion  of  the  compreBsed  \€m. 
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In  this  connection  diastolic  collapse  of  the  cervical  veins,  the  so-called 
rriedreich'8  sign,  may  be  mentioned.  This  sign  occurs  in  chronic  adhesive 
pericarditis  but  is  of  no  great  diagnostic  value.  The  collapse  of  the  veins 
is  due  to  diastolic  intrathoracic  aspiration.  The  mechanism  is  the  reverse 
of  that  in  the  phjrsiological  venous  pulse. 


VII. 

THE  DIGESTIVE  SYSTEM:   MOUTH;   LIPS;  TEETH;   GUMS; 

TONGUE. 

THE  MOUTH. 

The  most  important  method  of  examination  is  inspection.  The 
patient  should  be  placed  in  a  good  light.  The  illumination  is  more  satis- 
factory  by  light  reflected  from  a  head  mirror.  The  mouth  should  be  opened 
widely  and,  according  to  the  part  to  be  examined,  the  tongue  should  be 
protruded,  drawn  back,  or  moved  from  side  to  side.  The  soft  palate  and 
pharynx  are  best  seen  upon  depression  of  the  base  of  the  unprotruded 
tongue  with  a  spatula  or  the  handle  of  a  spoon.  These  instruments,  if 
introduced  too  far,  eause  gagging.  The  examination  of  the  posterior  wall 
of  the  pharynx  is  facilitated  when  the  patient  pronounces  the  broad  a, 
thus  elevating  the  soft  palate.  In  conditions  of  delirium  or  unconscious- 
ness  and  in  insane  paticnts  the  examination  of  the  mouth  is  often  attended 
with  great  dif!iculty.  In  some  instances  holding  the  noše  will  cause  the 
patient  to  open  his  mouth;  in  others,  if  necessary,  the  patient  must  be 
ansesthetized.  In  the  čase  of  children  the  examination  is  best  conducted 
when  the  phy8ician  and  mother  or  nurse  sit  viz-a-viz,  the  body  of  the  child 
resting  upon  the  knees  of  the  latter,  who  holds  his  hands,  the  head  upon 
the  lap  of  the  former,  who  opens  the  mouth  and  depresses  the  tongue 
with  the  spatula.  The  pharynx  is  best  seen  at  the  beginning  of  gagging. 
Palpation  by  means  of  the  finger  is  very  useful  in  detecting  the  presence 
and  location  of  foreign  bodies,  the  existence  of  retropharyngeal  abscess, 
and  especially  adenoid  vegetations  in  the  nasopharynx  and  other  similar 
conditions.  This  manceuvre,  which  is  very  annoying  to  the  patient,  must  be 
executed  rapidly.  In  the  čase  of  unfuly  patients  or  children  the  danger  of 
being  bitten  is  not  to  be  overlooked.  Against  this  accident  a  guard  or 
shield  may  be  employed,  or  the  physician  may,  with  the  thumb  and  finger 
of  the  free  hand,  press  the  cheeks  of  the  patient  between  the  separated 
molars. 

THE  LIPS. 

The  lips  are  thick  and  coarse  in  habitual  mouth-breathers,  in  cretin - 
ism,  and  in  myxGedema.  They  are  partcd  in  conditions  of  great  prostra- 
tion  and  habitually  in  idiots  and  in  some  forms  of  insanity.  They  are  pallid 
in  ansemia  and,  like  the  nail-beds,  early  show  cyano8is  and  the  variationa 
in  its  inten8ity.    The  lips  are  apt  to  be  dry  m  d^^^t^di^  miA  vcl  ^Jc»\2cvi5iNAssts^ 
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to  the  nasal  breathing.  Dryness  of  the  lips  is  associated  with  a  diminu- 
tion  or  perversion  of  the  oral  secretion,  as  in  stomatitis,  glossitis,  and  tonsil- 
litis.  The  lips  and  mouth  are  dry  and  the  latter  open  in  the  soporose  con- 
dition  preceding  dissolution.  There  is  drooling  in  dentition,  mercurial 
salivation,  diphtheritic  paralysis,  bulbar  palsy,  and  idiocy.  In  these  condi- 
tions  the  lips  are  apt  to  be  loose  and  pendulous.  Tremor  or  twitching  of 
the  lips  occurs  under  intense  emotion  or  may  be  a  8ymptom  of  nervous 
disease.  Convulsive  retraction  of  the  upper  lip  occasionally  occurs  as  a 
sign  of  intense  abdominal  pain.  Of  great  diagnostic  importance  is  the 
occasional  presence  upon  the  lips  of  aphthous  ulceration,  mucous  patcbes^ 
sordes,  rhagades — linear  clefts  or  ulcerations  at  the  corners  of  the  mouth — 
or  the  scars  resulting  from  them.  The  last,  occurring  in  young  children, 
are  suggestive  of  hereditary  syphilis.  Herpes  labialis  is  common  in  certain 
individuals  in  feverish  colds,  and  occurs  with  such  frequency  in  pneumonia^ 
ague,  and  cerebrospinal  fever  as  to  have  diagnostic  value.  It  is  very 
rare  in  enteric  fever.  This  vesicular  eruption  develops  rapidly  upon  an 
inflammatory  base  as  a  single  lesion  or  in  groups,  most  commonly  upon 
the  outer  border  of  the  lip,  occasionally  on  other  parts  of  the  face,  as  the 
noše,  the  cheeks,  or  the  ear.  These  positions  are  indicated  by  qualifying 
adjectives,  as  herpes  labialis,  facialis,  nasalis,  and  the  like.  The  contente 
of  the  vesicles  are  at  first  lymphoid,  later  purulent  and  scanty.  Their 
efflorescence  is  attended  by  annoying  burning  or  itching.  They  rapidly 
imdergo  desiccation  with  the  formation  of  thick,  tightly  adherent  scabs. 
The  whole  process  is  of  short  duration. 

In  paralysis  of  the  seventh  nerve  the  angle  of  the  mouth  on  the  affected 
side  is  lowered.  In  drinking,  the  liquid  is  apt  to  escape.  In  smiles  or 
laughter  the  corner  of  the  mouth  is  immobile  and  in  attempts  to  show 
the  upper  teeth  it  is  not  raised.  The  mouth  and  lips  are  drawn  toward 
the  sound  side.  The  labial  sounds  may  not  be  fully  formed.  It  is  im- 
portant  to  note  that  the  displacement  of  the  angle  of  the  mouth  may 
be  due  to  loss  of  the  teeth  upon  the  opposite  side  or  to  retraction  as  the 
result  of  scar  formation. 

The  lips  are  extremely  sensitive  and  abscesses  and  acute  inflammatory 
processes  are  attended  with  great  pain.  They  are  sometimes  the  seat  of 
carbuncles.  They  undergo  extensive  necrosis  in  cancrum  oris.  The 
lip  may  be  lacerated  in  the  epileptic  convulsion,  but  this  is  not  common. 
It  may  be  the  seat  of  angioneurotic  oedema  or  may  be  greatly  swollen 
in  consequence  of  the  bites  of  insects.  The  lip  is  occasionalIy  the  seat 
of  the  initial  lesion  of  syphilis.  It  shows  more  or  less  extensive  super- 
ficial  necrosis  extending  out  upon  the  chin  or  cheeks  after  the  taking  of 
corrosive  poisons  and  especially  in  carbolic  acid  poisoning.  Epithelioma 
of  the  lip  is  common.  It  shows  itself  as  an  irregularly  circular  or  oval 
ulcer  with  a  swollen,  infiltrated  base,  usually  upon  the  lower  lip,  de- 
veloping  from  a  fissure  or  wart.  At  the  beginning  there  are  altemations 
of  scab  formation  and  open  ulceration.  After  a  time  the  submaxillary 
lymphatics  become  involved. 

The  differential  diagnosis  between  chancre  and  epithelioma  of  the 
lip  is  usually  unattended  with  difficulty.  The  chancre  occurs,  as  a  rule, 
early  in  life,  epithelioma  late.    In  chancre  the  lymphatic8  are  involved 
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early;  in  epithelioma  late.  Chancre  is  commoiily  circumscribed  and 
densely  indurated;  epithelioma  tends  to  spread  and  the  induration  is  less 
dense.  Healing  of  the  chancre  is  progressive,  especially  under  treatment; 
in  epithelioma  there  is  a  tendency  to  extend,  with  alternations  of  scab 
formation  and  ulceration.  In  the  former,  constitutional  symptoms  and 
secondary  rashes  occur. 

THE  TEETH. 

The  teeth  are  of  diagnostic  interest.  The  tirne  of  their  eruption  and 
shedding  in  children  and  their  state  of  preservation  in  adults  are  to  be 
considered.  Dentition  and  teething  are  terms  used  to  describe  the  cutting 
of  the  teeth. 

The  First  Dentition. — The  temporary  or  deciduoua  teeth — the  so- 
called  milk  teeth — are  twenty  in  number;  in  each  jaw  two  central  incisors, 
two  lateral  incisors,  two  canines,  two  first  molars  and  two  second  molars. 
They  appear  with  considerable  regularity  as  to  order  and  time.  Their 
eruption  usually  takes  plače  in  groups  of  four. 

The  first  group — the  lower  and  upper  central  incisors,  6  to  9  months. 
An  interval  of  1  to  3  months. 

The  second  group — the  upper  and  lower  lateral  incisors,  8  to  12  months^ 
An  interval  of  1  to  3  months. 

The  third  group — the  four  anterior  molars,  12  to  15  months.  An 
interval  to  the  18th  month. 

The  fourth  group — the  four  canines,  18  to  24  months.  An  interval 
of  2  to  3  months. 

The  fifth  group — the  four  posterior  molars,  24  to  30  months. 

Healthy  children  usually  have  from  four  to  eight  teeth  before  they  are 
a  year  old,  and  cut  their  first  molars  between  a  year  and  a  year  and  a  half, 
the  canines  before  the  end  of  the  second  year,  and  should  complete  denti- 
tion by  the  cutting  of  the  second  molars  before  the  middle  of  the  third 
year.  The  first  teeth  are  usually  the  lower  central  incisors.  The  upper 
lateral  incisors  as  a  rule  appear  before  the  lower;  the  upper  first  molars 
usually  precede  the  lower  and  not  infrequently  appear  at  about  the  same 
time  with  the  lower  lateral  incisors. 

Precocious  dentition  occasionally  occurs.  It  is  of  no  special  signifi- 
cance.  Delayed  dentition  occurs  as  the  result  of  malnutrition  either  from 
improper  feeding  or  disease.    It  is  especially  common  in  rickets. 

The  eruption  of  the  teeth  in  healthy,  well-nourished  children  com- 
monly  takes  plače  without  constitutional  disturbance.  At  most  transitory 
loss  of  appetite,  fretfulness,  disturbed  sleep,  a  slight  rise  of  temperature, 
100-102*'  F.  (37.7-38.8*'  C),  and  derangement  of  the  bowels  are  observed. 
In  feeble  and  poorly  nourished  infants,  especiallv  in  neurotic  families,  the 
perturbations  caused  by  dentition  may  be  more  severe,  the  foregoing 
8ymptoms  being  aggravated  and  the  temperature  reaching  higher  levels, 
103-104*»  F.  (39.4-40*'  C).  The  accidental  coincidence  of  gastro-intestinal 
derangements,  tonsillitis,  laryngitis,  and  bronchial  catarrh  is  very  com- 
mon, and  the  physician  must  be  on  his  guard  not  to  ascribe  to  dentition 
8ymptom8  whicb  are  due  to  other  causes.  On  the  other  hand  there  is 
danger  that  re£iex  8ymptom8  due  to  the  irritation  of  dentition  will  be 
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erroneously  interpreted.  For  example,  anno3ring  spasmodic  cough,  witb- 
out  fever,  other  constitutional  disturbance  or  r&les,  and  manife8tly  reflex, 
frequently  accompanies  the  eruption  of  each  group  of  teeth.  Dentition 
may  be  the  exciting  cause  of  general  convulsions  in  feeble,  badly-nour- 
ished,  rhachitic,  or  neurotic  children.  The  procese  rarely  causes  eclampsia 
in  well-nourished  healthy  babies.  Tension,  tumefaction,  tendemess  of  the 
gums,  and  the  bluish-red  hue  of  deep  congestion  are  indications  for  the 
use  of  the  lancet. 

The  Second  Dentition. — The  permanent  teeth  in  each  jaw  consist  of 
two  central  and  two  lateral  incisors,  two  canines,  four  bicuspids,  and  six 
molars.    Their  eruption  takes  plače  in  the  following  order: 

Anterior  molars, 8ixth  to  seventh  year< 

Central  incisors, seventh  to  ei^hth  year 

Lateral  incisors, eishth  to  ninth  year 

Anterior  bicuspids, tentn  to  eleventh  year 

Posterior  bicuspids, tenth  to  eleventh  year 

Canines, eleventh  to  twelfth  year 

Second  molars, twelfth  to  fourteenth  year 

Third  molars — wisdom  teeth, eighteenth  to  twenty-fif th  year 

The  milk  teeth  are  gradually  displaeed  by  the  permanent  teeth  and 
three  additional  molars  appcar  on  the  sides  of  each  jaw,  so  that  the  twenty 
milk  teeth  are  replaeed  by  the  fuU  set  of  thirty-two  permanent  teeth.  The 
second  dentition  begins  with  the  eruption  of  the  anterior  molars  some- 
where  between  the  fifth  and  seventh  years.  Following  these  the  milk 
teeth  are  gradually  shed  in  the  order  in  which  they  appeared,  each  tooth 
being  forthwith  or  shortly  replaeed  by  a  permanent  tooth. 

Shape  and  Structure  of  the  Teeth. — Defects  in  the  teeth  are  numer- 
ous,  the  most  important  being  abnormalities  of  form,  and  especially  the  de- 
ficient  development  of  enamel.  In  badly-nourished,  feeble  children  the 
milk  teeth  are  prone  to  caries. 

The  developing  teeth  are  influenced  by  malnutrition,  stomatitis, 
especially  that  produced  by  mercury,  and  constitutional  diseases,  as 
syphilis  and  rickets.  The  developmental  defects  show  themselves  in  the 
permanent  teeth.  In  rickets  the  teeth  may  be  small  and  badly  formed. 
As  the  result  of  infantile  stomatitis  the  surfaces  of  the  teeth  are  pitted, 
owing  to  deficient  formation  of  enamel;  the  condition  is  sometimes  im- 
properly  spoken  of  as  erosion,  These  changes  affect  the  incisors  and  ca- 
nines,  which  are  pitted  by  areas  of  default  of  enamel,  and  are  of  a  bad 
color,  showing  a  trans  verse  furrow  across  aH  the  teeth  at  the  same  le  vel; 
the  first  permanent  molars  are  also  involved.  These  furrows  are  attrib- 
uted,  probablv  correctly,  to  severe  illness  in  early  life  and  are  regarded  as 
analogous  to  furrows  on  the  nails  which  occur  after  serious  disease. 

Hutchinson  Teeth. — In  congenital  syphilis  the  teeth  are  deformed 
and  present  appearances  regarded  by  Hutchinson  as  specific  and  peculiar. 
The  upper  central  incisors  are  affected.  They  are  peg-shaped,  short,  and 
narrow,  being  smaller  at  the  cutting  edge  than  at  the  base.  The  enamel  is 
commonly  well  formed  and  regularly  developed,  but  the  color  is  more 
yellow  than  that  of  the  other  teeth.  At  the  edge  of  the  teeth  there  is  a 
single  concave  notch  of  var3ring  depth  in  which  the  dentin  is  expo6ed. 
They  are  called  Hutchinson,  notched,  or  screw-Klriver  teeth.    These  defects 
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are  not  constant  nor  are  they  pathognomonic  of  3yphilis,  as  they  are  some- 
times  found  in  other  conditions,  especially  rickets.  In  the  preaence  of  otber 
signs  of  syphilis — rhagades,  keratitis,  iritis,  and  nodes — notched  teeth  ac- 
quirepoBitivediagnosticimportance. 
Cuies. — CariouB  and  neglected 
teeth  play  a  very  important  part 
in  the  causation  of  derangements  of 
digestion  from  imperfect  mastica- 
tion,  and  are  themselves  not  rarely 
the  result  of  constitutional  disturb- 
ances.  Extensive  and  rapid  dental 
earies  may  occur  after  serious  acute 
and   in   constitutional   di»- 


Pia.  1».— Huuhiuon'!  leelh. 

orderB  as  rickets  and  diabetes.    It 

also  occura  in  pregnancy.    The  teeth  become  looae  in  forma  of  stomatitia 

associated  with  swollen  and  ulcerated  gums,  such  as  are  encountered  in 

mercurial  ptyalism,  scurvy,  purpura,  and  phosphorus  poisoning.    Receding 

gums   with   expoBiire  of  the  neck  of  the  teeth  and   their  ultimate  loas 

occur  from  neglected   Balivary  deposits,  pyorrhcea  alveolaris,  and  gouty 

conditions. 

So«le»^literalIy  filth — is  a  term  applied  to  collections  of  dark  brown 
foul  matter  upon  the  teeth  and  lips  in  low  fevers.  It  consists  of  food, 
epithelial  material,  and  altered  blood,  and  containa  micro-organisms  in 
great  aumbers. 

THE  GUMS. 

The  gingival  mucoua  membrane  is  pale  in  aH  forms  of  annmia;  it  ia 
red  and  spongy  when  the  teeth  are  carious  or  ill-kept.  A  narrow  red  line 
along  t!ic  iiir.rgin  is  seen  in  eome  caaea  of  tuberculosis,  diabetes,  and  in 
cachcctic  sta'>.es;  also  in  alveolar  diseaae.  The  gums  are  red,  spongy,  and 
ulcerated  as  a  reault  of  accumulated  tartar  and  gangrenoua  and  mercurial 
stomatitis.     Thoy  are  swollen,  spongy,  and  bleeding  in  scurvy. 

In  lead  poisoning  a  narrow  bluish-black  line  is  seen,  although  not 
invariably,  at  the  margin  of  the  gums.  The  color  is  not  uniform,  but, 
being  due  to  lead  sulphide  deposited  in  the  papillte  of  the  gums,  is  aeen 
with  the  magnifying  glaas  to  be  stippled.  This  line  may  form  rapidly 
after  exposure  and  disappear  in  the  course  of  a  few  weeks  under  treatment, 
or  it  may  persist  for  months.  It  is  usually  limited  in  extent.  A  similar 
line,  due  to  the  deposition  of  carbon  particles,  has  been  observed  in  miners. 
Such  lines  are  to  be  distinguiahed  from  the  deposits  of  black  matter  upon 
the  teeth  at  the  line  of  their  juncture  with  the  gums  in  untidy  persons  and 
smokers  who  neglect  the  mouth,  The  latter  disappears  upon  the  use  of  the 
tooth-brush,  or  the  two  lines  may  be  differentiated  by  slipping  the  corner 
of  a  piece  of  uriting-paper  under  the  gum.  If  the  pigment  material  is  in 
the  gum  it  stands  out  plainly  againat  the  white  paper;  that  on  the  tooth 
is  not  seen.  It  is  under  certain  circumstances  also  to  be  distinguished 
from  cyano8i8  due  to  general  diaturbancea  of  the  circulation  or  local  in- 
flammatory  proceases.  In  cyanosiB  the  diacoloration  is  uniform  and  more 
intense  at  the  edges  of  the  gums  and  disappears  under  preeBuie. 
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THE  TONGUE. 

Great  differences  of  opinion  exist  in  regard  to  the  value  in  diagnosis 
of  signs  presented  by  the  tongue.  To  the  careful  observer  an  exami- 
nation  of  the  tongue  jdelds  information  of  diagnostic  importance.  This 
organ  should  be  studied  with  reference  to  its  motility,  size,  condition  of 
the  mucous  membrane  as  regards  color,  papillse,  dryness,  moisture,  eoat- 
ing,  and  the  presence  or  absence  of  various  lesions. 

(a)  MQtlIlty. — The  manner  in  which  the  tongue  is  protruded  upon 
request  is  often  suggestive.  Under  ordinary  circumstances  the  movement 
is  commonplace  and  familiar.  In  very  ill  patients  the  tongue  is  protruded 
8lowly  and  incompletely.  In  the  advanced  stages  of  enteric  fever  the 
patient  protrudes  his  tongue  hesitatingly  and  does  not  immediately  with- 
ciraw  it  unless  requested.  In  chorea  the  tongue  is  thrust  out  with  a  pecu- 
liar  jerk  and  immediately  withdrawn.  In  well-marked  cases  it  is  impos- 
sible  for  the  patient  to  keep  it  out  for  any  length  of  time.  Spasm  of  the 
muscles  of  mastication  renders  it  impossible  to  protrude  the  tongue.  The 
spasm  may  be  tonic  or  clonic;  in  rare  instances  it  occurs  as  an  independent 
affection.  It  is  usually  part  of  general  convulsive  disease.  In  the  tonic 
form  the  jaws  are  held  forcibly  together — lockjaw.  The  masseter  and 
temporal  muscles  are  tense  and  hard  and  the  spasm  is  frequently  attended 
with  pain.  It  is  an  early  and  prominent  symptom  in  tetanus  and  occurs 
also  in  tetany.  There  is  tonic  spasm  of  the  jaw  muscles  in  trismus  neona- 
torum  and  strychnia  poisoning  and  sometimes  in  hysteria  and  epilepsy. 
Trismus  may  follow  exposure  to  cold  or  occur  as  the  result  of  reflex  irri- 
tation  in  diseases  of  the  mouth,  teeth  or  jaw  or  of  irritative  lesion  in  the 
region  of  the  motor  nucleus  of  the  fifth  nerve.  Clonic  spasm  of  the  muscles 
of  the  jaw  is  seen  in  the  chattering  of  the  teeth  which  occurs  after  exposure 
to  cold,  in  some  conditions  of  mental  excitement,  and  during  a  chill.  Its 
rare  occurrence  as  a  substantive  affection  has  been  noted.  Pain  and 
swelling  of  the  tissues  about  the  angle  of  the  jaw,  such  as  attend  disease  of 
the  bones,  mumps,  suppurative  tonsillitis,  and  trichinosis  involving  the 
masticatory  muscles,  may  prevent  the  opening  of  the  mouth  and  pro- 
trusion  of  the  tongue. 

General  tremor  of  the  tongue  occurs  in  alcoholism  and  in  conditions 
of  asthenia.  Tremor  and  fibrillary  contractions  are  observed  in  patients 
presenting  bulbar  symptoms  with  atrophy  of  the  tongue  and  may  be  espe- 
cially  pronounced  in  progressive  bulbar  atrophy.  Fibrillary  contrac- 
tions are  occasionally  seen  in  healthy  individuals. 

Paralysis  of  the  tongue  results  from  disease  of  the  hypoglossal  nerves. 
When  one  nerve  is  involved  the  base  of  the  tongue  is  slightly  higher  upon 
the  paralvzed  side,  and  motion  within  the  mouth  toward  that  side  is 
impaired.  \Vhen  the  tongue  is  protruded  it  deviates  to  the  paralyzed  side, 
being  pushed  by  the  geniohyoglossus  on  the  normal  side;  there  is  slight 
difficulty  in  chewing  and  swallowing.  When  both  hypoglossal  nerves  are 
involved  the  tongue  cannot  be  moved  within  the  mouth  and  cannot  be 
protruded;  mastication  and  articulation  are  greatly  impaired.  Pal8y  of 
the  tongue  from  nuclear  disease  is  usually  associated  with  a  similar  condi- 
tion of  the  lips,  pharynx,  and  larynx.    The  power  of  protruding  the  tongue 
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18  impaired  in  paresis,  diphtheritic  pal8y,  pro^essive  muscular  atrophy, 
and  some  forms  of  hemiplegia.  Slight  deviation  toward  the  paralyzed 
side  may  occur  in  cases  of  hemiplegia  in  which  the  face  is  affeeted. 
When  the  fibres  of  the  hypoglossal  are  involved  within  the  medulla  after 
leaving  their  nuelei,  there  may  be  paralysis  of  the  tongue  on  one  side 
and  paralysis  of  the  limbs  on  the  other,  and  the  tongue  when  protruded 
deviates  toward  its  sound  side.  Other  causes  of  nuclear  or  infranuclear 
lesions  of  the  hypoglossal  are  lead  poisoning,  basal  meningitis^  and  tumors 
of  the  base. 

Spasm  of  the  tongue  is  very  rare.  It  may  be  unilateral  or  bilateral 
— tonic  or  clonic.  It  is  usually  one  of  the  manifestations  of  some  other 
convulsive  disease,  as  spasm  of  the  facial  muscles,  tetanus,  epilepsy,  or 
chorea.  Tonic  spasm  may  occur  in  hysteria  and  as  the  result  of  reflex 
irritation  of  the  fifth  nerve.  The  tongue  is  contracted  and  rigid.  Clonic 
spasm  is  much  more  common.  Spasm  of  the  lingual  muscles  occurs  in 
stuttering.  It  is  an  occasional  symptom  in  disseminated  sclerosis^  general 
paresis,  and  melancholia.  There  are  cases  of  paroxysmal  clonic  spasm  in 
which  the  tongue  is  thrust  out  and  drawn  in  as  often  as  forty  or  fifty  times 
a  minute.  In  this  affection  the  spasm  is  usually  bilateral;  the  attacks 
may  occur  during  sleep. 

The  fraenum  of  the  tongue  may  be  abnormally  short — a  congenital 
defect  which,  by  limiting  the  movements  of  the  tongue,  interferes  with 
nursing  in  the  new-born  and  with  articulation  later. 

(b)  SIzc  of  the  Tongue. — Variations  in  the  size  of  the  tongue  are  of 
diagnostic  importance.  The  tongue  is  slightly  enlarged  and  flabby  in 
various  conditions  of  ill  health  and  especially  in  chronic  gastritis,  forms  of 
ansemia,  scurvy,  and  typhus  fever.  Under  these  circumstances  the  edges 
are  indented  by  the  teeth. 

Enlargement  of  the  tongue,  or  macroglossiaj  is  usually  congenital  but 
may  occur  in  later  life.  In  the  congenital  form  the  tongue  and  very  often 
the  lips  are  greatly  enlarged  by  an  increase  in  ali  the  tissue  elements,  an 
increase  in  the  fibrous  tissue  alone,  or  from  the  development  of  tumor-like 
masses — true  lymphangioma.  The  organ  may  become  so  large  that  it 
projects  beyond  the  teeth,  in  some  cases  attaining  twice  its  normal  size. 
The  surface  is  dry,  fissured,  or  ulcerated  from  contact  with  the  teeth,  and 
deformity  of  the  bony  structures  results  from  pressure.  The  lymph-vessel8 
are  dilated  and  in  some  instances  there  are  actual  cysts. 

Great  enlargement  takes  plače  in  acute  inflammation  of  the  tongue, 
such  as  glossitis,  inflamed  ranula,  erysipelas,  angina  Ludovici.  The  tongue 
is  frequently  much  enlarged  in  actinomycosis.  One  side  only  may  be 
involved  in  the  inflammatory  process — hemiglossUis.  The  tongue  is  some- 
what  enlarged  in  acromegaly  and  myxoedema.  Localized  swelling  may  be 
caused  by  tumors,  as  gumma  or  carcinoma.  The  tongue  in  rare  instances 
becomes  cyanosed  and  cedematous  from  obstruction  to  the  return  of  the 
venous  blood. 

Diminution  in  the  size  of  the  tongue  may  be  the  result  of  a  temporarv 
shrinking  or  of  atrophy.  The  tongue  may  be  uniformly  diminished  in 
size  after  hemorrhage,  during  convalescence  from  enteric  fever,  or  in  con- 
ditions of  advanced  emaciation. 
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Atrophy  of  the  tongue  is  the  result  of  disease  in  the  path  of  the  hypo- 
glossal  nerve.  If  the  lesion  be  supranuciear  there  is  no  wa8ting  of  the 
tongue.  There  may  be  some  degree  of  paralysis.  Ordinarily  this  condi- 
tion  constitutes  an  element  of  hemiplegia.  In  nuclear  or  infranuclear 
paralysis  the  tongue  is  atrophied  on  one  or  both  sides  according  as  the 
lesion  is  unilateral  or  bilateral.  The  muscular  tissue  is  alone  affected, 
ordinary  sensation  and  taste  remaining  practically  normal.  The  reaction 
of  degeneration  is  present  in  the  wasted  half  of  the  tongue. 

Facial  hemiatrophy  is  usually  associated  with  hemiatrophy  of  the 
tongue  on  the  same  side.  Local  diminution  in  the  size  of  the  tongue  may 
follow  the  resorption  of  a  gumma  or  extensive  scar  formation  following  a 
deep  ulcer. 

(c)  Mucous  Membrane. — The  color  of  the  organ  itself  is  to  be  dis- 
tinguished  from  the  coating.  The  tongue  is  pale  in  ansemia;  red  in  in- 
flammation,  as  glossitis  and  stomatitis,  and  in  the  infectious  diseases,  as 
measles,  scarlatina,  and  enteric  fever;  dark  red  in  conditions  of  prostra- 
tion;  bluish  in  cyanosis;  yellow  in  jaundice.  It  is  stained  various  colors 
by  ingested  articles — red  or  purple  by  fruits  or  wine,  black  by  iron,  bis- 
muth,  or  charcoal,  yellow  by  rhubarb,  tobacco,  or  licorice  root,  brown  by 
chocolate  and  opium.  Ingestion  of  corrosive  substances  may  give  rise  to 
staining  with  superficial  necrosis.  Ammonia,  corrosive  sublimate,  sul- 
phuric,  carbolic,  and  oxalic  acids  turn  the  tongue  white;  hydrochloric, 
nitric,  chromic,  and  picric 'acids  yellow;  the  caustic  alkalies  turn  it  red. 
Local  discoloration  of  the  tongue  is  caused  by  telangiectatic  patches, 
purpura,  ecchymoses,  and  infarcts.  Patches  of  pigmentation  may  mark 
the  site  of  healed  glossitis  or  occur  as  manifestations  of  Addison's  disease. 
In  the  latter  condition  the  color  is  bluish-  or  grayish-black  and  the  areas  of 
pigmentation  are  associated  with  similar  areas  of  pigmentation  upon  the 
buccal  mucous  membrane  and  the  lips.  The  ''black  tongue"  or  nigrities 
is  a  rare  affection  of  parasitic  origin.  It  is  characterized  by  irregular 
areas  of  blackish-brown  or  black  color,  with  enlargement  of  the  papills, 
which  occupy  the  middle  of  the  dorsum  of  the  tongue.  The  discoloration 
begins  as  a  small  spot  and  extends;  after  a  time  desquamation  occurs 
which  goes  on  8lowly.  The  condition  may  become  chronic.  It  is  to  be 
distinguished  from  staining  of  the  tongue  caused  by  iron,  bismuth,  and 
the  like,  and  from  purposeful  discoloration  in  malingering. 

■  Molsture. — The  normal  tongue  owes  its  moisture  to  the  buccal  secre- 
tions  and  šaliva.  '  A  physiological  increase  of  these  secretions  occurs  in 
hunger  and  is  excited  by  the  sight  or  odor  of  food.  Such  an  increase  is 
also  promoted  by  sapid  and  stimulating  substances  and  by  mastication. 
It  is  called  salivation  or  ptyalism.  It  occurs  during  dentition,  menstrua- 
tion  in  some  instances,  often  during  pregnancy — usually  in  the  early 
months  but  sometimes  throughout  the  whole  period.  Jaborandi  and  ite 
alkaloid  pilocarpine,  muscarine,  tobacco,  mercury,  gold,  copper,  and  the 
iodine  compounds  excite  an  increased  flow  of  šaliva.  A  pathological  in- 
crease of  šaliva  occurs  in  forms  of  glossitis  and  stomatitis,  especially  that 
induced  by  mercury,  sometimes  in  the  fevers,  in  the  epileptic  parox3r8m, 
and  in  some  forms  of  idiocy  and  nervous  disease.  It  has  been  observed 
in  disease  of  the  pancreas. 
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X£R08T0MiA — dry  mouth — is  a  condition  characterized  by  arrest  of 
the  8alivary  and  buccal  secretions.  The  condition  is  rare.  It  was  first 
described  by  Jonathan  Hutchinson.  The  tongue  is  red,  dry,  and  fissured; 
the  buccal  mucous  membrane  is  smooth  and  dry.  Movements  of  the  parts 
involved  in  articulation,  mastication,  and  deglutition  are  attended  with 
difficulty.  In  some  cases  the  dryness  extends  to  the  nostrils  and  eyes  and 
is  accompanied  by  distressing  itchlng.  Slight  enlargement  of  the  salivary 
glands  has  been  observed  but  is  not  constant;  most  of  the  cases  occur  in 
women  of  neurotic  constitution.  In  a  čase  under  my  observation  in  a 
woman  aged  thirty  this  condition  developed  during  the  convalescence 
from  an  attack  of  epidemic  influenza.  It  has  been  suggested  that  the 
disease  is  due  to  involvement  of  a  hypothetical  centre  controlling  the 
salivary  and  buccal  secretions. 

Dryness  of  the  tongue  occurs  in  mouth-breathing,  with  thirst,  after 
violent  exertion,  in  febrile  and  septic  states,  conditions  of  profound  pros- 
tration,  and  as  the  result  of  loss  of  fluid  in  diabetes  mellitus  and  insipidus. 
It  is  an  important  symptom  of  atropine  poisoning,  and  attends  facial 
paraly8is.  Drynes8  of  the  tongue  occurs  under  other  conditions  attended 
with  extreme  loss  of  fluid  from  the  body,  as  in  hemorrhage  and  cholera. 

The  papillse  of  the  tongue  are  often  swollen,  giving  it  a  warty,  granu- 
lar  appearance.  This  condition  is  seen  in  catarrhal  and  other  forms  of 
stomatitis,  in  some  forms  of  chronic  gastritis,  and  sometimes  in  the  acute 
febrile  infections.  The  enlarged  fungiform  papillae  of  the  tongue  in  scarlet 
fever  have  given  rise  to  the  unfortunate  term  "8trawberry  tongue,"  which 
by  some  teachers  is  understood  to  mean  a  tongue  covered  with  a  white 
f ur  through  which  the  tip  of  the  papillse  8how,  and  by  others  to  mean  the 
rough  bright  red  tongue  which  follows  the  sejJaration  of  the  coating.  The 
latter  is  sometimes  called  the  "raspberry  tongue."  In  conditions  of  pros- 
tration,  such  as  attend  the  later  stages  of  infections  or  scpsis,  and  in  some 
constitutional  diseases,  as  diabetes,  the  tongue  sheds  its  epithelium  and 
the  papillae  undergo  atrophy.  This  condition  is  usually  attended  with 
dryness  and  glossing  of  the  surface.  The  papillae  at  the  border  of  the 
tongue  are  sometimes  greatly  enlarged  in  gouty  individuals.  Patients  are 
occasionally  alarmed  upon  the  discovery  of  the  large  circumvallate  papillae 
at  the  root  of  the  tongue  and  he8itatingly  accept  the  assurance  that  they 
are  normal. 

Coating  of  the  Tongue. — This  subject  involves  a  cohsideration  also 
of  the  general  condition  of  the  mucous  membrane  as  regards  color,  dry- 
ness  and  moisture,  and  the  condition  of  the  papillae.  The  presence  or 
absence  of  coating  is  determined  by  local  and  constitutional  conditions. 
It  does  not  follow,  as  is  very  often  assumed,  that  the  condition  of  the 
tongue  is  directly  dependent  upon  the  condition  of  the  mucous  membrane 
of  the  stomach.  On  the  contrary  the  diagnostic  significance  of  coated 
tongue  will  be  best  understood  by  the  clinician  who  realizes  the  fact,  of 
which  there  is  abundant  clinical  demonstration,  that  the  condition  of  the 
tongue  as  regards  coating  and  allied  phenomena  is  largely  dependent  upon 
constitutional  influences  which  are  likewise  exerted  upon  other  mucous 
surfaces.  Coating  of  the  tongue  occurs  in  many  morbid  conditions,  es- 
pecially  dy8peptic  states  and  in  fevers,  and  is  usually  associated  with  loss 
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of  appetite;  yet  there  are  healthy  individuals  with  good  appetite  whose 
tongue  is  constantly  furred.  A  coated  tongue  is  present  in  acute  and 
chronic  gastric  catarrh,  while  on  the  other  hand  gastric  ulcer  is  very  often 
accompanied  by  a  clcan  tongue  and  good  appetite.  The  coating  or  fur  is 
composed  of  accumulated  epithelium  and  food  detritus  and  contains  great 
numbers  of  micro-organisms.  The  immediate  cause  of  the  extraordinary 
proliferation  and  accumulation  of  epithelial  elements  is  not  well  understood. 
That  the  absence  of  coating  is  not  merely  dependent  upbn  mechanical  con- 
ditions  associated  with  drinking  and  the  ingestion  of  food  is  clearly  shown 
by  clinical  experience.  The  coating  of  the  tongue  like  its  mucous  membrane 
is  very  often  stained  by  articies  of  food  and  drink  or  by  drugs. 

Coatlog  of  the  Toogue  lo  Local  and  Oeoeral  Cooditloos. — (a)  Local- 
IZED  COATING  of  the  tongue  results  from  the  irritation  of  a  tooth  and  sur- 
rounds  traumatic  and  other  circumscribed  lesions. 

(b)  Unilateral  coating  of  the  tongue  is  sometimes  seen  in  trifacial 
neuralgia  involving  the  infra-orbital  branch.  It  may  occur  also  in  uni- 
lateral palsy  of  the  tongue. 

(c)  A  UNIFORM  THiN,  WHiTi8H  COATING  is  habitual  to  many  persons 
in  health,  especially  mouth-breathers,  smokers,  and  those  who  are  troubled 
by  subacute  catarrhal  processes  involving  the  pharynx  and  stomach.  It 
occurs  also  in  constitutional  disturbances  attended  by  slight  fever. 

(d)  A  THiCKisH,  PASTY,  YELLow-WHiTE  FUR  is  common  in  those  ad- 
dicted  to  excesses  at  table  or  in  tobacco  or  alcohol.  It  is  attended  with  a 
disagreeable  taste.  On  rising  it  usually  involves  the  greater  portion  of  the 
dorsum  of  the  tongue,  but  disappears  in  part  or  wholly  during  the  day. 
In  many  persons  this  coating  remains  upon  the  back  part  of  the  tongue 
continuously.  Its  disappearance  is  to  some  extent  due  to  movements  of 
the  tongue,  friction  against  the  teeth,  the  mechanical  effects  of  food  and 
drink,  and  increased  flow  of  salivary  and  buccal  secretions.  A  8lightly 
enlarged,  flabby,  indented  tongue  covered  with  fur  of  this  kind  very  often 
accompanies  chronic  gastritis. 

(e)    A  THICK,  UNIFORM,  MOIST,  WHITISH  OR  YELLOWISH-WHITE  COATING 

with  abrupt  edges  is  seen  in  the  early  stages  of  the  acute  febrile  diseases. 
In  consequence  of  the  diminished  amount  and  altered  character  of  the 
salivary  and  buccal  secretions,  this  coating  presently  loses  its  moisture 
and  becomes  dry  and  darker  in  color.  After  a  tirne  it  separates,  leaving 
the  tongue  moist  and  of  normal  appearance  if  convalescence  has  begun, 
or  dry,  hard,  red  or  brown,  and  denuded  of  epithelium  if  the  fever  con- 
tinues  and  particularly  if  the  patient  falls  into  the  so-called  typhoid  condi- 
tion.  Under  these  circumstances  the  tongue  becomes  fissured  both  longi- 
tudinally  and  transversely.  In  some  cases  a  deep  median  fissure  forms, 
on  each  side  of  which  there  is  a  thick,  rough,  dry,  brownish  fur,  the  tip  and 
edges  of  the  tongue  being  red  and  denuded;  or  again  the  tongue  may  be 
dry,  red,  and  glazed.  It  is  protruded  upon  request  tremulously  and  slowly 
and,  owing  to  the  accompanying  mental  condition,  is  not  immediately 
withdrawn.  The  disappearance  of  the  crusty  coating,  the  redevelopment 
of  epithelium,  and  the  return  of  moisture  are  favorable  signs.  The  tongue 
may  be  dry,  brown,  and  incrusted  in  the  last  stages  of  chronic  diseases  of 
the  nervous  system,  and  in  cancer,  nephritis,  and  pulmonary  tuberoulosis. 


SVMPTOMS  AND  SIGNS  :  TONGUE.  503 

(f)  The  thick  white  fur  of  the  acute  febrile  diseases  is  sometimes 
penetrated  by  the  greatly  enlarged  filiform  papillae  which  appear  as  scat- 
tered  bright  red  minute  points.  This  constitutes  one  of  the  forms  of  so- 
called  "strawberry  tongue."  It  occurs  with  some  frequency  in  scarlet 
fever,  but  is  not  diagnostic  of  that  disease^  since  it  may  be  present  in 
other  acute  febrile  infections. 

(g)  A  DENSE,  WHITE,  FLAKY  COATING  is  sometimes  seen  upon  the 
tongue  of  patients  who  are  fed  upon  an  exclusive  milk  diet.  A  somewhat 
similar  appearance  may  be  presented  by  children  suffering  from  thrush — 
a  condition  caused  by  saccharomyce8  alhicans,  which  begins  on  the  tongue 
in  the  form  of  slightly  elevated  pearly  white  spots  which,  by  increase  in 
size  and  coalescence,  may  eover  the  greater  part  of  the  dorsum  of  the 
tongue. 

(h)  General  hypertrophy  op  the  papill^  gives  rise  to  a  peculiar 
appearance  which  suggests  coarse  plush.  This  is  the  8haggy  tongue.  It  is 
seen  in  gastro-intestinal  and  constitutional  diseases  in  advanced  life,  but  is 
sometimes  present  in  elderly  people  whose  health  is  good.  The  shaggy 
tongue  is  frequently  also  fissured,  the  plush-like  surface  being  divided  by 
conspicuous  deep  longitudinal  and  transverse  lines  of  separation.  The 
color  is  usually  deep  red.  Upon  the  supervention  of  acute  illness  it  quickly 
becomes  dry,  hard,  and  full,  usually  remaining  rough. 

A  red,  dry  tongue,  denuded  of  epithelium,  glistening  and  resembling 
raw  beef — the  heefy  tongue — occurs  in  dysentery  and  chronic  intestinal 
catarrh.    It  is  seen  also  in  hepatic  abscess. 

Other  conditions  of  the  tongue  may  be  of  diagnostic  importance: 
fissures,  ulcers,  mucous  patches  and  plaques,  tumors,  and  cicatrices. 

(a)  Fissures  of  the  tongue  are  often  seen  in  healthy  persons  in  ad- 
vanced life.  They  may  be  the  signs  of  a  superficial  chronic  glossitis  caused 
by  habitual  use  of  tobacco  or  irritating  food  or  drink.  The  median  longi- 
tudinal fissure  is  commonly  the  most  marked  and  readily  becomes  ulcer- 
ated.  Transverse  fissures  are  common.  Sometimes  the  fissures  are  forked 
or  curved.  Fissures  may  be  deep  and  inflamed,  the  result  of  extending 
glossitis — dissecting  glossitis — or  syphilis.  Fissures  are  common  in  chronic 
hepatic  disease,  chronic  colitis,  and  diabetes  mellitus.  Local  fissures  or 
notches  at  the  edge  of  the  tongue  may  arise  from  the  irritation  of  a  broken 
or  carious  tooth  or  from  syphilitic  ulceration. 

(b)  Ulcers  of  the  Tongue. — Simple  excoriations  occur  as  the  result  of 
slight  traumatism  or  scalding,  or  spontaneously  in  dyspeptic  conditions. 
Aphthous  stomatitis  is  characterized  by  small,  slightlv  depressed  spots 
with  grayish  bases  and  bright  red  margins.  They  occur  at  the  edges  and 
tip  of  the  tongue,  on  the  fripnum,  and  else\vhere  about  the  mucous  mem- 
brane of  the  lips  and  mouth.  The  ulcers  are  preceded  by  vesicles  and  are 
attended  with  great  pain.  The  buccal  secretions  are  increased.  The  ulcers 
may  appear  singly  or  in  series  or  crops.  They  occur  in  transient  gastric 
derangements  and  in  women  at  the  mcnstrual  period.  There  is  an  indi- 
vidual  predisposition  to  them. 

A  chronic,  recurrent  herpetic  eruption  of  the  buccal  mucous  mem- 
brane, sometimes  associated  with  erythema  multiforme,  has  been  observed 
in  neurotic  persons. 
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Riga's  disease  is  an  affection  occurring  about  the  tirne  of  the  first 
dentition  and  characterized  by  a  pearly  white  pseudomembrane  beneath 
the  tongue  and  upon  the  fraenum,  with  induration  and  ulceration.  It  is 
endemic  and  sometimes  epidemic  in  Southern  Italy. 

Superficial  ulcers  with  a  red  glazed  surface  occur  upon  the  tongue  in 
various  forms  of  chronic  glossitis.  They  are  of  irregularly  round  or  oval 
shape  with  infiltrated  edges  and  are  usually  extremely  painful.  Ulceration 
of  the  tongue  is  commonly  attended  with  salivation.  Tuberculosis  of  the 
tongue  shows  itself  in  the  form  of  circumscribed,  indolent,  irregularly 
extending  ulceration  with  a  necrotic  or  caseous  base.  The  edges  are  usually 
8lightly  infiltrated  but  sharply  defined.  This  ulcer  is  extremely  painful 
upon  contact  and  is  sometimes  attended  by  salivation.  The  lesions  may 
be  single  or  multiple  and  are  usually  secondary  to  tuberculous  disease  of 
the  lungs.  The  glands  at  the  angle  of  the  jaw  are  not  usually  enlarged. 
Syphilis  is  a  common  cause  of  ulceration  of  the  tongue.  In  secondary 
8yphilis  superficial  and  linear  ulcers  are  common  at  the  border  of  the 
tongue  as  the  result  of  the  irritation  of  the  teeth.  A  single  ulcer  with  an 
indurated  base  and  enlargement  of  the  cervical  glands  may  be  the  initial 
lesion  of  syphilis.  A  mucous  patch  may  undergo  ulceration,  and  in  later 
8yphilis  a  gumma  may  become  necrotic,  forming  a  deep  foul  ulcer.  In 
some  instances  dif!iculty  attends  the  differential  diagnosis  of  a  single 
ulcer,  vvhich  may  be  due  to  tuberculosis,  syphilis,  or  malignant  disease. 
The  resemblances  upon  inspection  and  palpation  may  be  very  close. 
In  the  first  there  are  usually  evidences  of  tuberculosis  of  the  larynx  o!t 
lungs  and  the  presence  of  tubercle  bacilli  in  the  scrapings.  In  cases  not 
otherwise  to  be  determined  inoculation  experiments  should  be  performed. 
In  the  initial  lesion  of  syphilis  the  induration  is  dense  and  circumscribed. 
The  age  and  habits  of  the  patient  are  to  be  taken  into  consideration.  .  Great 
enlargement  and  tenderness  of  the  lymphatics  of  the  neck  constitute  im- 
portant  symptoms.  The  evolution  of  the  process  and  the  development  of 
mucous  patches,  cutaneous  rashes.  fever,  and  the  like  make  the  diagnosis 
clear.  In  gummatous  ulceration  the  enlarged  surface  is  greater  and  the 
infiltration  less  dense.  The  therapeutic  test  is  important;  the  ulcer  heals 
under  antisyphilitic  treatment.  A  carefully  taken  clinical  history  sheds 
light  upon  a  doubtful  čase.  In  epithelioma  of  the  tongue  the  diagnosis 
may  be  reached  by  exclusion.  The  process  tends  to  spread,  the  sub- 
lingual  Ivmphatics  become  involved,  the  ulcer  is  foul  and  indolent,  and 
the  patient  is  almost  always  past  middle  age. 

The  ulcer  frequently  observed  on  the  fraenum  of  the  tongue  in  whoop- 
ing-cough  is  traumatic.  It  results  from  the  violent  impact  of  the  under 
surface  of  the  tongue  against  the  sharp  lower  incisors  during  the 
paroxysm. 

(c)  Mucous  Patches  and  Plaques.  —  The  multiple  grayish-white 
superficial  lesions  of  svphilis  known  as  mucous  patches  occur  upon  the 
tongue  as  well  as  upon  the  soft  palate.  cheeks,  and  lips.  A  slightly 
raised,  smooth,  red,  oval-shaped  area  sometimes  seen  in  the  middle  of 
the  dorsum  of  the  tongue  in  pipe  smokers  is  known  as  the  smol;er*s 
patch.  The  surface  is  smooth  and  sometimes  white  or  pearly  white  io 
appearance. 
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KantheULsma  occasionally  appears  upon  the  sides  of  the  tongue  in  the 
form  of  yellowish,  soft,  slightly  raised,  oblong  patches.  It  occurs  in  vari- 
ous  conditions  but  is  noticeably  frequent  in  chronic  jaundice  and  diabetes. 

Leucoplakia  is  a  condition  characterized  by  the  development  of  irreg- 
ular  white  or  pearly-white  smooth  patches  upon  .the  tongue  which  show 
no  tendency  to  ulcerate.  They  are  hard  to  the  touch  and  gradually 
extend,  sometimes  becoming  papillomatous.  These  patches  may  be  the 
starting-point  of  epithelioma.  The  condition  h  described  under  various 
terms,  as  bucccd  psariasis,  ichthyosis  and  keratosis  mucosce  oris.  They 
present  some  points  of  similarity  to  the  lesions  of  syphilitic  glossitis, 
which  is,  however,  more  common  at  the  edge  and  tip  of  the  tongue  than 
on  the  dorsum  and  yields  to  antisyphilitic  medication. 

Eczema  of  the  Tongue — Oeographical  Tongue. — ^This  condition  is  char- 
acterized by  the  formation  of  irregularly  annular  patches  upon  the  tongue. 
There  is  desquamation  of  the  epithelium.  The  process  is  attended  with 
buming  and  itching.  The  patches  extend  at  the  margins  with  new  forma- 
tion of  epithelium  in  the  centre.  The  borders  are  slightly  red  and  well 
defined  but  without  induration.  The  condition  is  more  common  in  infants 
and  children  than  in  adults.    The  process  is  recurrent  and  protracted. 

(d)  TuMORS  OF  THE  ToNGUE. — Solid  tumors  of  the  tongue  are  U8ually 
tuberculous  or  syphilitic.  They  invade  the  substance  of  the  organ,  usually 
presenting  toward  its  dorsal  surface.  Tuberculous  nodales  break  down, 
promptly  giving  rise  to  an  indolent  ulceration  with  caseation.  Gummata 
rapidly  undergo  extensive  necrosis  but  yield  to  treatment.  Retention 
cysts  occur  in  connection  with  the  tongue.  Ranula  is  the  most  common; 
it  is  due  to  an  obstruction  and  dilatation  of  a  duct  of  the  sublingual  or 
submaxillary  glands.  Mucous  cysts  also  occur.  Echinococcus  cysts, 
which  develop  as  a  rule  by  preference  in  highly  vascular  structures,  are  rare 
in  the  tongue.  Carcinoma  is  much  more  common  in  men  than  in  women 
and  extremely  malignant.    Sarcoma  is  comparatively  rare. 

(e)  CiCATRiCES.  —  Sears  upon*  the  tongue  teli  the  tale  of  former 
traumatism,  as  the  accidental  biting  of  the  tongue,  a  fall  or  blow  upon 
the  chin  when  the  tongue  is  between  the  teeth,  or  the  grinding  of  the 
teeth  during  the  clonic  convulsions  of  epilepsy.  They  may  be  the  indica- 
tions  of  former  active  diseases,  especially  8yphilis.  Sclerosis  of  the  tongue 
with  local  deformity  is  a  common  result  of  the  healing  of  gummatous 
ulceration. 

The  buccal  mucous  membrane  is  commonly  implicated  in  infections 
involving  the  other  organs  of  the  mouth,  especially  the  various  forms  of 
stomatitis.  It  is  very  often  the  starting-point  of  the  progressive  gangre- 
nous  aifection  knovvn  as  noma  or  cancrum  oris. 
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VIIL 

THE  DIGESTIVE  SYSTEM  (CONTINUED):    THE  PALATE: 

TONSILS;  PHARYNX. 

The  passage  from  the  -moutb  to  the  cesophagus  by  way  of  the  pharyiix 
is  called  the  f auces  or  isthmus  faudum.  It  is  bounded  above  by  the  soft 
palate^  laterally  by  the  palatine  arches  and  tonsils,  and  below  by  the  base 
of  the  tongue.  These  struetures  are  covered  with  mucous  membrane  con- 
tinuous  with  that  of  the  mouth  and  are  liable  to  the  same  morbid  processes. 
An  inspection  of  these  parts  yields  information  of  importance  in  the  diag- 
nosis  of  local  and  constitutional  disease.  Infection  may  take  plače  di- 
rectly  or  by  extension  from  the  mouth  and  nasopharynx.  Forms  of  angina 
— 8implex,  follicular,  suppurative,  and  diphtheritic — resvdt.  When  the 
tonsils  are  principally  or  alone  involved  the  condition  is  spoken  of  as 
tonsillitis.  The  underlying  museular  struetures  may  be  involved  by 
extension.  The  tonsils  and  adjacent  lymph  struetures  are  points  of  inva- 
sion  for  the  infeeting  agents  in  rheumatism  and  other  affeetions.  There  are 
forms  of  acute  tonsillitis  that  are  essentially  rheumatie.  In  children  the 
artieular  manifestations  of  rheumatie  fever  and  chorea  frequently  show  a 
definite  relationship  to  tonsillitis  and  the  latter  affeetion  is  not  rarely 
followed  by  endoearditis  and  ehorea.  The  tonsils  may  be  the  port  <rf 
invasion  for  tubereulosis  or  the  seat  of  tubereulous  lesions. 

Subaeute  and  chronie  pharyngeal  inflammation  may  be  secondary 
to  gastrie  disorders  or  to  the  gouty  diathesis.  The  pharynx  is  sometimes 
involved  in  rheumatism.  Paralysis  of  the  soft  palate  and  spasm  and 
paralysis  of  the  pharynx  oeeur.  Superfieial  uleeration  of  the  pharynx 
is  very  eommon  in  advaneed  pulmonary  tubereulosis. 

General  redness  of  the  faucial  mucous  membrane  oeeurs  in  simple 
inflammations  and  in  many  of  the  speeifie  febrile  affeetions,  as  rdtheln, 
the  variolous  diseases,  influenza,  and  ery8ipelas.  In  the  exanthemata, 
espeeially  measles,  searlatina,  varieella,  and  variola,  there  are  efflorescences 
eorresponding  to  the  cutaneous  eruptions.  In  these  situations  the  i>ockB 
of  varieella  and  variola,  owing  to  the  aetion  of  warmth  and  moisture, 
lose  their  roof  in  the  vesieular  stage  and  are  eonverted  into  small  cir- 
eular  or  oval  superfieial  uleerations  with  purulent  or  neerotie  bases  and 
a  more  or  less  marked  areola.  Redness  of  the  mueous  membrane  in  this 
region  is  a  symptom  of  ehronie  gastritis  or  the  aetion  of  certain  drugs,  as 
the  iodine  eompounds  and  belladonna,  and  of  eorrosive  poisons. 

Hemorrhage  oeeurs  into  the  mueous  membrane  in  the  form  of  petech- 
i»,  infarets,  and  extravasations,  and  there  is  bleeding  from  these  surfaces 
in  general  hemorrhagie  states.  These  tissues  are  pallid  in  the  ansmias, 
yellow  in  jaundiee,  and  show  a  bluish  tint  in  eyanosis.  The  mucous 
patches  of  syphilis  may  be  seen. 

Pain  is  a  prominent  symptom  in  angina,  espeeially  in  the  acute  forms. 
It  may  be  spontaneous,  but  is  excited  by  the  movements  of  deglutition 
and  by  eontaet  of  artieles  of  food  and  drink  with  uleerated  surfaces.    Pair 
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and  tickling  referred  to  the  pharynx  may  be  symptomatic  of  acute  rhini- 
tis.  These  8ymptom8  are  common  in  hay  fever.  Sensations  of  dryne8s 
and  tickling  accompanied  by  the  inclination  to  hawk  and  clear  the  throat 
are  constant  symptom8  of  pharyngitis.  Annoying  hawking  is  especially 
excited  by  disease  of  the  nasopharynx. 

Dysphagia  is  common.  It  varies  in  degree  and  may  be  due  to  pain  or 
to  mechanical  obstruction.  When  dysphagia  is  marked  both  these  causes 
are  commonJy  operative.  In  suppurative  tonsillitis  and  retropharyngeal 
abscess  dysphagia  may  be  complete.  It  is  a  symptom  of  the  various  forms 
of  stomatitis  and  glossitis  as  well  as  of  tonsillitis  and  pharyngitis.  Painful 
dysphagia  referred  to  the  pharynx  is  a  common  symptom  in  cases  showing 
no  signs  of  inflammation  of  the  mucous  membrane — rheumatic  pharyngitis. 
The  angina  which  attends  diphtheria,  scarlet  fever,  measles,  varicella,  and 
variola  is  accompanied  by  dysphagia  which  is  often  distressing. 

DyspnGea  may  become  an  important  symptom  in  suppurative  tonsil- 
litis, retropharyngeal  abscess,  and  erysipelas  extending  to  the  pharynx. 

Chronic  interference  with  respiration  accompanied  by  mouth-breath- 
ing  results  from  hyperplasia  of  the  tonsils  and  especially  from  hyperplasia 
of  the  phary'ngeal  tonsil — adenoid  vegetations.  In  severe  acute  angina  and 
in  certain  chronic  diseases  involving  the  tonsils  and  pharynx,  as  cancer 
and  forms  of  syphilis,  the  drainage  of  the  fauces  is  interfered  with  and  the 
accumulating  secretions  and  exudates  undergo  decomposition.  The  odor 
of  the  breath  may  be  intense,  fetid,  and  disgusting.  Accumulations  of 
epithelial  cells,  leucocytes,  and  bacteria  in  the  tonsillar  crypts  are  very 
common  in  chronic  lacunar  tonsillitis  and  in  individuals  presenting  no 
other  symptoms  of  disease  of  the  throat.  They  appear  as  small  white  or 
yellowish-white  concretions  which  sometimes  undergo  calcareous  changes. 
They  are  sometimes  expectorated  and  should  be  removed  by  the  curette. 
They  impart  a  disagreeable  odor  to  the  breath. 

THE  PALATE. 

Developmental  deformities  do  not  fall  within  the  scope  of  this  work. 
A  narrow,  high,  arched  palate  is  regarded  as  among  the  stigmata  of  degen- 
eration.  Circumscribed  ulceration  of  the  mucous  membrane  of  the  hard 
palate  is  frequently  met  with  in  the  new-born  or  may  be  caused  in  artifi- 
cially-fed  children  by  the  irritation  of  the  rubber  nipple.  The  ulceration 
thus  caused  is  sometimes  described  under  the  term  Bednar^s  aphtha.  In 
young  children  patches  of  thrush  are  not  uncommon  upon  the  hard  palate. 
Abscess  formation  attended  \vith  great  pain  occasionally  involves  the 
mucous  membrane  of  the  hard  palate  in  conncction  \vith  alveolar  disease. 
Perforations  occur  as  the  reault  of  syphilis. 

The  soft  palate  in  health  is  freely  movable  and  8ymmetrical.  The 
form  of  the  uvula  varies  in  different  persons.  As  a  result  of  defective 
development  it  is  sometimes  bifid.  It  may  be  attached  laterally  to  the 
soft  palate  or  tonsil  or  to  the  posterior  wall  of  the  pharynx  in  consequcnce 
of  a<lhesive  inflammation  in  diphtheria  or  syphilis.  Perforation  of  the 
soft  palate  is  almost  always  the  result  of  syphilis.  In  very  rare  instances 
it  has  followed  scarlet  fever.     The  uvula  varies  in  length  normally.     It 
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frequently  becomes  elongated  in  angina  and  bronchitis.  Under  these 
circumstances  it  causes  irritation  of  the  base  of  the  tongue  and  excites 
cough,  especially  in  the  recumbent  posture;  the  mechanical  violence  of 
intense  paroxysmal  cough  elongates  the  uvula  and  thus  a  vicious  eircuit 
is  established.  It  becomes  elongated  and  oedematous  in  cases  of  debilitv. 
anaemia,  and  anasarca.  When  greatly  oedematous  the  uvula  becomes 
globular  and  may  attain  the  size  of  a  cherry,  interfering  with  8walloi;^iDg 
and  breathing  and  producing  a  constant  disposition.to  hawk.  In  consti- 
tutional  hemorrhagic  states  submucous  extravasation  of  blood  may  occur 
in  the  uvula.  In  very  rare  instances  crops  of  vesicles  resembling  herpes 
show  themselves  upon  the  palate. 

Anaesthesia  of  the  hard  and  soft  palate  and  of  the  anterior  two-third8 
of  the  tongue  occurs  in  lesions  of  the  8en8ory  division  of  the  fifth  nerve. 
The  tactile  sense  is  usually  lost  before  the  pain.  The  palate  is  innervated 
by  the  accessory  nerve  to  the  vagus.  Paralysis  of  the  soft  palate  occurs  in 
bulbar  palsy,  basal  tumors,  and  meningitis  of  the  base.  By  far  the  most 
common  cause  is  postdiphtheritic  neuritis.  Upon  inspection  while  the 
patient  pronounces  the  long  a  the  palate  and  uvula  are  thrown  back  and 
elevated.  Under  normal  circumstances  the  extent  of  this  movement  is 
the  same  on  both  sides.  In  unilateral  paralysis  movement  upon  the  af- 
fected  side  is  greatly  diminished.  In  bilateral  paralvsis  the  whoIe  palate 
remains  relaxed  and  motionless,  the  voice  has  a  nasal  character,  the  pro- 
nunciation  of  certain  consonants — gutturals — is  impaired,  and  upon  attempts 
to  swallow,  liquids  are  returned  through  the  noše.  Lesions  involving  the 
nerve-supply  of  one  side  cause  unilateral  paralysis. 

THE  TONSILS. 

The  tonsils,  also  called  amygddl(B  from  their  almond  shape,  lie  at  the 
side  of  the  pharynx  betvveen  the  anterior  and  posterior  palatine  folds. 
They  are  larger  in  childhood  than  in  adult  Hfe  and  early  undergo  senile 
involution.  The  greater  part  of  their  surface  is  exposed  to  inspection  by 
ordinary  methods.  Upon  gagging  they  are  rotated  forward.  In  inflamma- 
tion  the  mucosa  is  reddened  and  svvollen  and  the  surface  covered  \vith  a 
mucoid  or  mucopurulent  secretion  which  may  be  tinged  with  blood.  In 
follicular  or  lacunar  tonsillitis  this  secretion  develops  in  the  crypts,  pro- 
ducing whitish-yellow  spots.  These  may  by  extensi()n  and  coalescence 
form  patches  upon  the  tciisils  presenting  a  superficial  resemblance  to  diph- 
theria.  The  pseudomembrane  thus  formed  is  not  usually  distinctly  mar- 
ginate  and  corresponds  in  appearance  to  the  points  of  exudate  seen  to 
occupy  adjacent  crypts.  It  is  not  developed  in  the  mucosa  but  lies  upon  it, 
as  may  be  seen  upon  removing  it  by  wiping  or  gentle  scraping.  A  pseudo- 
membranous  exudate  frequently  forms  in  the.course  of  various  infections. 
as  scarlet  fever,  measles,  pertussis,  enteric  fever,  and  variola.  In  a  great 
majoritv  of  these  cases  the  Streptococcus  pyogenes  is  the  active  organism. 
As  a  rule  the  development  of  this  form  of  pseudomembrane  does  not 
constitute  a  serious  complication  of  the  primary  disease.  It  may,  how- 
ever,  give  rise  to  an  intense  angina  with  local  sloughing  and  grave  con- 
stitutional  disturbance.    A  general  streptococcus  infection  is  by  no  means 
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infrcquent.  A  pseudomembranous  exudate  occurs  in  its  most  typical  form 
as  a  manifestation  of  diphtheria.    It  is  caused  by  the  Klebs-Loffler  bacillus. 

In  suppurative  tonsillitis  or  quinsy  one  or  both  tonsils  may  be  in- 
volved.  The  earliest  symptoms  are  those  of  an  ordinary  acute  angina — 
pain,  dryness,  dvsphagia,  with  fever  and  other  symptoms  of  constitutional 
disturbance.  The  tonsils  are  enlarged,  dusky  red,  and  oedematous.  They 
may  even  meet,  or  if  one  only  is  involved  it  may  extend  some  distance 
beyond  the  median  line.  In  many  instances  there  is  salivation.  The  breath 
is  foul,  the  glands  of  the  neck  enlarged,  and  the  patient  opens  his  mouth 
only  partially  and  with  great  difficulty.  After  suppuration  occurs  fluctua- 
tion  may  be  felt. 

Enlargement  of  the  tonsils  is  common  in  children.  It  may  be  due  to 
repeated  attacks  of  acute  tonsillitis  or  to  a  chronic  inflammatory  procesa 
leading  to  a  hyperplasia  of  the  lymphoid  elements.  The  tonsillar  crypts 
are  enlarged.  In  some  cases  a  probe  may  be  introduced  to  the  depth  of  a 
centimetre  or  more.  Partial  or  complete  adhesions  of  the  anterior  pillars 
to  the  tonsils  are  seen,  and  these  structures  are  sometimes  thin,  red,  and 
stretched  by  the  enlargement  of  the  tonsil.  In  some  instances  the  tonsils 
are  dense  and  firm,  the  connective-tissue  stroma  predominating.  Enlarge- 
ment of  the  tonsils  is  very  often  associated  with  adenoid  vegetations  in 
the  pharyngeal  vault.  Mouth-breathing  and  its  concomitant  derange- 
ments  accompany  this  condition.  Ulceration  of  the  tonsils  is  not  very 
common.  In  syphilis  the  primary  chancre  has  occurred  upon  the  tonsils. 
In  secondary  syphili8  mucous  patches  are  very  common  in  this  region,  and 
in  the  tertiary  stage  gumma  may  give  rise  to  enlargement  of  the  tonsil 
and,  upon  breaking  down,  result  in  deep  circular  ulceration  with  a  necrotic 
base  and  little  hyperaBmia  of  the  surrounding  tissue.  Tuberculous  ulcera- 
tion of  the  tonsils  is  not  common. 

THE  PHARYNX. 

This  organ  may  be  divided  into  an  upper  portion — the  nasopharynx — 
and  a  lower  portion — the  oropharynx.  The  former  may  be  examined  by 
palpation  with  the  finger  or  by  the  rhinoscopic  mirror;  the  latter  by  direct 
inspection  in  a  good  light.  Small  foreign  bodies,  as  fish-bones  or  a  beard 
of  wheat,  may  be  recognized  upon  inspection;  larger  foreign  bodies,  as  an 
artificial  denture  or  fragment  of  meat  or  bone,  by  inspection  or  palpation. 
The  presence  of  adenoid  vegetations  due  to  hyperplasia  of  the  pharyngeal 
tonsil  may  be  thus  determined.  Papillomatous  masses  sometimes  fill  the 
vault  of  the  pharynx,  extending  into  the  posterior  nares  and  greatly  inter- 
fering  with  respiration.  By  occluding  the  orifices  of  the  Eustachian  tubes 
they  cause  deafness  and  middle-ear  disease. 

Cyanosis  and  Pulsation. — Cyanosis  of  the  pharyngeal  mucosa  may 
result  from  general  derangements  of  the  circulation  or  respiration  or  from 
local  causes,  as  obstruction  to  the  return  flow  of  the  blood  by  way  of  the 
superior  vena  cava,  from  aneurism  or  from  mediastinal  tumor.  In  aortic 
regurgitation  pulsation  of  the  capillary  vessels  may  be  seen  or  unilateral 
pulsation  mav  be  the  manifestation  of  a  tortuous  internal  carotid  artery 
or  aneurism  of  that  vessel.    In  the  oozing  that  takes  plače  from  the  pharynx 
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in  intense  congestion  or  hemorrhagic  states  the  blood  may  be  8waIlowed 
and  accumulate  in  the  stomach.  If  vomited  the  hemorrhage  may^  be 
attributed  to  a  lesion  of  the  stomach.  This  error  of  diagnosis  may  be 
avoided  by  careful  inspection  of  the  pharynx. 

Pharyns:iti5. — In  acute  inflammation  of  the  oropharynx  the  mucosa 
is  congested  and  reddened.  The  patient  eomplains  of  tiekling  and  drynes» 
with  a  constant  desire  to  hawk.  The  secretions  are  diminished  and  al- 
tered.  There  is  dryness  with  thin  flakes  or  a  whitish  exudate,  to  be  seen 
only  upon  close  examination.    The  constitutional  symptoms  are  slight. 

Rheumatic  angina  is  characterized  by  sore  throat  and  dysphagia 
referred  to  the  pharynx.  In  the  majority  of  the  cases  the  signs  upon  in- 
spection are  not  distinctive. 

Chronic  pharyngitis  may  develop  insidiously  or  as  the  result  of  re- 
peated  acute  attacks.  The  mucosa  is  at  first  reddened  and  shows  dis- 
tended  vesicles;  later  it  is  relaxed  and  presents  a  granular  or  warty  appear- 
ance — granular  pharyngitis,  due  to  hyperplasia  of  the  lymph  elements. 
The  secretion  is  mucoid  or  purulent  and  undergoes  desiccation,  forming 
dry  crusts  or  scales  which  very  often  communicate  an  oflFensive  odor  to  the 
breath.  The  process  extends  into  the  nasopharynx.  There  is  very  often 
a  free  mucoid  or  mucopurulent  secretion  which  gives  rise  to  the  sensation 
of  dropping  or  trickling  into  the  throat  and  causes  hawking.  In  other 
cases  the  secretion  is  slight  and  the  mucous  membrane  reddish-brown,  dry, 
atrophic,  smooth  and  glistening — pharyngitis  sicca.  The  pseudomembra- 
nous  exudate  of  diphtheria  f requently  extends  into  the  pharynx;  theexudate 
of  pseudodiphtheritic,  diphtheroid,  or  diplococcus  inflammation  commonly 
appears  upon  the  tonsils  and  does  not  as  a  rule  involve  the  pharynx. 

Ulceration  of  the  pharyngeal  wall  is  not  uncommon.  Limited  areas  of 
superficial  ulceration  occur  in  chronic  pharyngitis.  Small  round  or  oval 
ulcers  upon  the  posterior  wall  are  sometimes  seen  in  enteric  fever.  Irregu- 
lar  superficial  patches  of  ulceration  are  frequently  seen  in  the  later  stages 
of  consumption.  The  bases  are  necrotic  and  grayish-yellow.  The  ulcera- 
tion may  involve  the  greater  part  of  the  posterior  pharyngeal  wall  and 
cause  intensely  painful  dysphagia.  Ulceration  of  the  pharyngeal  wall 
occurs  also  in  syphilis.  In  the  secondary  stage  it  is  vcry  often  superficial 
and  associated  with  mucous  patches.  In  the  tertiary  stage  it  results  from 
the  breaking  down  of  gummata  which  heal  satisfactorily  under  treatment, 
leaving  white  cicatrices. 

Ulceration  of  the  pharynx  may  occur  in  connection  with  the  various 
forms  of  pseudomembranous  inflammation  and  attends  cancer  and  lupus. 
The  etiological  diagnosis  of  ulceration  of  the  pharynx  is  frequently  attended 
with  difl^culty.  As  in  the  čase  of  the  tongue,  tubercle,  cancer,  and  8yphilis 
are  to  be  differentiated.  A  careful  anamnesis  is  important.  The  asso- 
ciated clinical  phenomena  are  very  often  characteristic.  In  tuberculosis 
the  presence  or  absence  of  tubercle  bacilli  and  the  inoculation  test  are 
important;  in  syphilis  the  therapeutic  test. 

Acute  phlegmonous  inflammation  of  the  pharynx  may  result  frora 
traumatism  or  foreign  bodies  in  the  pharynx. 

Acute  infectious  phlegmon,  a  rare  condition,  characterized  by  angina! 
8ymptoms,  dy7sphagia,  rapid  abscess  formation,  8welling  of  the  neck,  and 
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severe  constitutional   sjrmptoms,    may    result   from   direct    traumatism^ 
the  injury  caused  by  foreign  bodies,  or  arise  spontaneouslv. 

Retropharyngeal  abscess  manifesta  itself  upon  inspection  and  palpa- 
tdon  as  a  projecting  fluctuating  tumor  upon  the  posterior  wall  of  the  pharynx 
in  the  median  line.  Attendant  phenomena  are  restlessness,  dysphagia,  and 
changes  in  the  voice,  which  becomes  nasal  or  metallic  as  the  result  of  pres- 
sure.  Retropharyngeal  abscess  is  a  rare  affection.  It  has  been  observed 
in  children  previously  in  apparent  good  health  as  a  sequel  of  the  infectious 
diseases,  particularly  scarlet  fever  and  dlphtheria,  and  in  caries  of  the 
cervical  vertebrae. 

Angina  Ludovici :  Ludwig'5  Angina ;  Cellulitis  of  tlie  Necic. — A  rap- 
idly  developing  phlegmonous  inflammation  of  the  tissues  about  the  floor  of 
the  mouth  is  described  under  these  names.  It  apparently  results  from 
trauma  or  some  lesion  about  the  roots  of  the  teeth  or  from  infection  of  the 
submaxillary  gland.  It  may  occur  as  the  result  of  secondary  infection  in 
the  specific  fevers,  particularly  diphtheria  and  scarlet  fever.  The  inflamma- 
tion is  the  result  of  streptococcus  infection.  Swelling  usually  appears  first 
in  the  submaxillary  region  of  one  side  and  rapidly  spreads,  with  diffuse 
dull  redness  and  brawny  induration  of  the  neck.  The  tendency  is  to  speedy 
suppuration  and  extensive  gangrene  with  general  septicieemia.  The  disease 
is  rare  and  very  fatal. 

Tlie  innervation  of  tlie  pliarynx  is  derived  from  the  pharyngeal  plexus^ 
f ormed  by  the  combination  of  the  glossopharyngeal  and  branches  of  the  vagus. 

Spasm  of  the  pharynx  is  a  functional  disorder.  It  is  common  in  neuro- 
pathic  individuals.  It  is  the  cause  of  ordinary  gagging  and  occurs  in  hydro- 
phobia  and  as  a  convulsive  manifestation  of  hysteria — globus  hystericus. 

Motor  palsy  of  the  pharynx  occurs  in  postdiphtheritic  neuritis,  acute 
ascending  paralysis,  and  bulbar  paralysis.  It  may  result  from  lesions  at 
the  base  of  the  brain.  It  is  commonly  bilateral.  There  is  difficulty  in 
8wallowing  and  food  is  not  properly  passed  into  the  cesophagus.  Particles 
of  food  may  pass  into  the  larynx  and,  when  there  is  associated  paralysis 
of  the  soft  palate,  into  the  posterior  nares.  Fluids  are  regurgitated 
through  the  noše.     In  unilateral  lesions  the  power  of  deglutition  remains. 

Ansesthesia  of  the  pharynx  is  produced  by  bromidism  and  the  local 
application  of  cocaine. 


IX. 

THE  DIGESTIVE  SYSTEM  (CONTINUED):  THE  (ESOPHAGUS. 

The  upper  limit  of  this  organ  is  about  at  the  level  of  the  cricoid  car- 
tilage  and  opposite  the  sixth  cervical  vertebra.  It  terminates  in  the  car- 
diac  orifice  of  the  stomach  opposite  the  upper  border  of  the  body  of  the 
eleventh  thoracic  vertebra.  It  has  a  short  infradiaphragmatic  course  of 
about  one  and  a  half  centimetres.  It  begins  about  six  inches — fifteen  cm. 
— from  the  incisor  teeth,  is  about  nine  and  a  half  inches — twenty-four  cm. 
— ^in  length,  and  varies  from  three-fourths  to  one  and  a  fourth  inch — two 
to  three  cm. — ^in  diameter,  the  narrowest  parts  being  at  the  commence- 
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ment,  in  the  middle,  where  it  is  crossed  by  the  left  primary  bronchus,  and 
at  its  point  of  entrance  into  the  stomach.  The  oesophagus  is  in  relation 
with  the  trachea,  the  left  bronchus,  the  thyroid  body,  the  peribronchial 
lymph-glands,  the  pneumogastric  and  recurrent  laryngeal  nerves,  the 
aorta,  the  azygos  vein,  the  thoracic  duct,  and  the  pericardium  and  pleurs. 
Nearly  its  whole  course  is  in  the  posterior  mediastinum. 

The  principal  methods  of  examination  are  auscultation,  direct  inspec- 
tion  of  the  interior  of  the  oesophagus,  the  use  of  the  sound,  and  the  Ront- 
gen  rays.  Ordinary  inspection,  palpation,  and  percussion  are  of  no  prac- 
tical  value,  although  the  first  two  of  these  methods  may  reveal  a  tumor 
upon  the  left  side  of  the  neck  when  there  is  a  diverticulum  or  new  growth  in 
the  cervical  portion. 

Auscultation.  —  Upon  auscultation,  the  stethoscope  being  placed  to 
the  left  of  the  ensiform  cartilage  or  to  the  left  of  the  spine  opposite  the 
tenth  rib,  a  gurgling  sound  may  be  heard  six  seconds  after  the  act  of  8wal- 
lowing,  as  determined  by  the  movement  of  the  larynx.  This  murmur  is 
due  to  the  propulsion  of  the  liquid  or  bolus  of  food  into  the  stomach  and 
is  not  to  be  confounded  with  the  sound  to  be  heard  over  the  cervical  part 
of  the  oesophagus  during  swallowing.  The  absence,  delay,  or  prolongation 
of  the  first-named  sound  is  evidence  of  obstruction  at  the  lower  end  of  the 
oesophagus. 

G5sophas:oscopy.  —  Direct  inspection  may  be  practised  through  a 
suitable  tube  or  instrument  with  proper  illumination.  The  mucosa  in 
acute  inflammation  is  reddened,  swollen,  and  lax;  in  chronic  inflammation, 
grayish-white,  covered  with  a  viscid  mucus,  and  shows  dilated  veins.  The 
instrument  may  be  used  as  a  sound  to  determine  the  presence  or  absence 
of  dilatation  or  narrowing.  Ulceration,  new  growths,  and  cicatrices  may 
be  recognized,  and  fragments  of  ulcerated  tissue  have  been  removed  through 
the  cesophagoscope  for  examination.  Foreign  bodies  may  be  located  and 
have  been  removed  by  instruments  passed  through  the  tube  when  their 
removal  by  ordinary  methods  has  proved  impracticable. 

The  GBsophageal  Sound.  —  The  ordinary  rubber  tube  used  in  the 
examination  and  treatment  of  diseases  of  the  stomach  may  be  utilized  or 
cesophageal  bougies  especially  made  for  the  purpose.  The  latter  are  of 
whalebone  or  narrow  blades  of  metal  with  rounded  edges  and  provided 
with  adjustable  olive-shaped  tips  made  of  hard  rubber,  ivory;  or  metal  and 
of  various  sizes.  The  sound  is  introduced  in  the  same  manner  as  the 
stomach  tube.  It  may  pass  directly  into  the  stomach  or  be  arrested  by 
some  obstruction.  The  location  of  the  stenosis  can  be  readily  deter- 
mined by  measuring  the  distance  from  the  teeth  upon  withdrawing 
the  instrument.  No  force  is  to  be  used.  Feeble  and  ansemic  patients 
may  faint  during  this  examination  and  neurotic  or  hysterical  indi- 
viduals  may  have  local  spasm  or  even  general  convulsions.  Under 
such  circumstances  the  instrument  should  be  immediately  withdrawn. 
Sounding  must  be  performed  with  due  caution,  since  there  is  the 
danger  of  injury  or  perforation  of  the  wall  of  the  oesophagus,  the  rup- 
ture  of  an  aneurism,  or  the  laceration  of  the  varicose  veins  of  the  cesopha- 
geal plexus  in  atrophic  cirrhosis.  By  the  use  of  the  sound  the  location  of 
strictures,  dilatations,  diverticula,  ulceration  or  at  least  areas  of  sensi* 
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tiveness,  and  the  presence  or  absence  of  foreign  bodies  and  their  location 
may  be  learned.  The  caref ul  use  of  this  instrument  yields  Information  as  to 
whether  or  not  a  stricture  is  dilatable  or  rigid  and  unyielding. 

The  X-ray8. — The  presence  and  position  of  foreign  bodies  in  the 
€esophagus  may  be  ascertained  by  this  method  of  examination,  and  in 
appropriate  cases  information  in  regard  to  tumors  of,  or  in  relation  with, 
the  oesophagus.  The  possibility  that  a  large  atheromatous  plate  in  the 
aorta  may  be  mistaken  for  a  foreign  body  in  the  gullet  is  to  be  borne  in 
mind. 

Symptoms  of  disease  of  the  oesophagus  are  dysphagia,  pain,  and  the 
regurgitation  of  food. 

Dysphagia  varies  according  to  the  disease  and  its  site  and  is  com- 
monly  greater  with  solids  than  with  fluids;  the  pain  may  be  sharply  local- 
ized  or  diffuse;  the  regurgitation  of  food  may  be  partial  or  complete  and 
take  plače  immediately  or  not  for  some  time. 

The  oesophagus  is  subject  to  developmental  defects,  of  which  the 
most  important  is  atresia.  Liquids  are  immediately  regurgitated  and  the 
Bound  cannot  be  passed.  Death  results  from  inhalation  pneumonia  or 
starvation. 

Alterations  in  Calibre. — The  oesophagus  may  be  narrowed  or  dilated. 
Very  often  these  two  conditions  are  combined,  the  tube  being  narrowed 
at  one  point  and  dilated  at  another. 

Narrowing  may  be  intrinsic,  due  to  lesions  of  the  oesophagus  itsclf, 
as  congenital  defect,  stricture  from  inflammation,  cicatrix  or  neoplasm, 
or  muscular  spasm;  or  extrinsic,  due  to  pressure  from  without.  The 
8ymptoms  vary.  In  the  first  instance  they  are  chiefly  dysphagia,  pain,  and 
regurgitation;  in  the  second  there  are  superadded  to  these  the  symptoms 
of  the  disease  causing  the  compression.  Narrowing  may  be  a  congenital 
defect.  Its  position  in  this  čase  is  usually  at  the  upper  or  lower  extremity. 
The  chief  symptom  is  dysphagia. 

In  iiiflammatory  and  clcatiiclal  stenosls  there  is  a  history  of  accidental 
or  intentional  swallowing  of  a  caustic  or  corrosive  fluid,  or  the  history 
may  point  to  ulceration  as  the  result  of  traumatism  produced  by  a  foreign 
body,  softened  glands,  syphilis,  or  peptic  ulcer  at  the  cardia.  Ninety 
per  cent.  of  the  cases  of  stenosis  are  due  to  cancer,  which  acts  by  infil- 
trating  the  walls  and  causing  the  development  of  contracting  connective 
tissue.  In  stricture  arising  from  cicatrix  the  dysphagia  comes  on  gradually 
and  is  progressive  and  permanent.  It  may  begin  abruptly  and  at  first  be 
caused  by  solids  only;  later  by  fluids.  Associated  spasm  may  cause  varia- 
tions  in  degree,  but  there  are  no  intervals  of  complete  relief  as  in  spas- 
modic  stricture.  The  bougie  is  always  arrested  at  the  same  distance  from 
the  teeth.  Food  is  regurgitated  shortly  after  it  is  taken  and,  unless  acid 
in  itself,  shows  an  alkaline  reaction.  Subjectively  it  seems  to  stop  at  or 
near  the  manubrium.  There  is  actual  progressive  starvation  and  cor- 
responding  emaciation.  Signs  of  pressure  upon  the  recurrent  pharyngeal 
nerves  are  rare  in  cicatricial  stenosis. 

Mallgnant  stricture  of  the  oesophagus  is  commonly  carcinomatous. 
A  limited  number  of  cases  of  sarcoma  have  been  reported.  Carcinoma  is 
more  common  in  men  than  in  women.     It  is  rare  before  forty  and  most 
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Pulslon  dlvertlcula  first  show  themselves  by  discomfort  or  a  sense 
of  obstruction  after  swaIlowing  food,  usually  referred  to  the  sternal  region 
and  ofteQ  attended  by  cough.  After  a  tirne  liquids  onIy  can  be  taken  and 
are  Bometimes  regurgitated  and  swallowed  again  and  again  before  reach- 
ing  the  atomach.  Portions  of  food  may  be  regurgitated  aeveral  hours 
after  having  been  awallowed.  Pressiire  or  upward  stroking  of  tiie  left 
eide  of  the  neck  may  aid  in  the  regurgitation  of  food.  A  tumor  is  not 
often  present.  Upon  auscultation  the  sound  produced  by  the  pasaage  of 
food  into  the  etoniach  is  absent.  A  sound  niay  be  introduced  into  the 
diverticulum.  the  blind  end  of  which  may  bo  eight  inchea — twenty  cm. — 
or  more  from  the  teeth;  it  mfiy  paas  into  the  atomach  and  be  freely  mov- 
able  in  that  organ;  or  one  sound  may  be  pasaed  into  the  diverticuliim 
and  while  it  is  stili  in  plače  another  may  be  passed  beyond  it  into  the 
stomach.  The  ayniptoms  increaae  in  aeverity  and  in  niany  cas^  there  is 
progressive  eniaciation.    As  a  rule  the  progress  of  the  disease  ia  tardy. 

Tractlon  dlvertlcula  are  usiially  sitiiated  Upon  the  anterlor  or  lateral 
wall  and  near  the  bifurcation  of  the  trachea.  They  are  funnel-shaped 
and  vary  in  depth  from  one-half  to  three-quarter3  of  an  inch  and  are 
usually  single  but  may  be  multiple.  They  conimonly  give  riae  to  no  symp- 
toma,  Particles  of  food  or  foreign  bodica  may,  however,  be  caught  in 
them  and  cause  ulceration  and  perforation,  with  bronchopnenmonia, 
pulmonary  gangrene,  mediaatinitia  or  pericarditia  and  pleurisy.  A  posi- 
tive  diagnosia  cannot  be  made. 

Ulceration  raay  cause  tenderness,  dysphagia;  perforation  the  Becondary 
lesions  just  mentioned;  and  rupture,  whieh  U3ual!y  results  from  the  presence 
of  a  foreign  body,  may  cause  gangrenous  mediastinitis  and  pleurisy. 

(Eaophageal  hemorrhage  may  resutt  from  »Icer,  canoer,  the  presence 
of  foreign  bodies,  the  rupture  of  an  aneurism  or  of  the  dilated  veins  of  the 
cesophageal  plexua  in  thromboais  of  the  portal  vein  or  in  atrophlc  cirrhosis 
of  the  h  ver. 

The  bleeding  maybe  occaaionalor  constant  andvaryin  quantityfrom 

a  trifiing  amount  to  a  copious  loss  which  is  quickly  fatal.    The  associated 

8ymptom8  may  render  the  diagnosis  ea5y,  but  in  the  čase  of  varicose  veins 

the  differential  diagnoaia  from  gastric  hemorrhage  is  often  dif!icult.    The 

I      presence  of  other  svmptoms  of  portal  obstruction  and  the  fact  that  the 

blood  is  regurgitated  rather  than  vomited  are  to  be  coosidered,  but  the 

blood  may  be  discharged  into  the  stomach  and  Bubsequentiy  vomited. 

I  Inflamniation  of  the  CEsophaeus. — (Esophagitis  is  attended  by  local- 

ized  or  diffuae  pain  upon  awailowing,  prostration,  and  in  the  aevere  acute 

I      forms  by  chills  and  fever.     There  niay  be  tenderness  upon  pressure  and 

I      upon  bending  the  spine;    for  this  reason  the  head  is  held  rigid.     Abscess 

I     formation  may  8hDw  itself  by  a  circumscribed  6welling  upon  one  aide  of 

f     the  neck  with  pressure  upon  the  larynx  and  hoarsenesa  and  dyspna>a.     In 

.      the  phlegmonous  form  pus  may  be  espectorated  and  in  the  chronic  cases 

a  glairy,  viscid  mucus. 

I  Tuberculous  and  svphilitic  ulcerutions  occur  as  local  manifestationa  in 

'     these  diseaaea,  and  their  presence  is  to  be  suspected  when  there  is  dy8pha- 

gia,  peraistent  subaternal  pain,  or  the  regurgitation  of  blood-stained  mucus 

in  connection  with  the  general  phenomena  of  these  diseases  re8pectively. 
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Paralysis.  —  The  oesophageal  muscles  are  sometimes  paralyzed  in 
central  or  peripheral  diseases  of  the  nervous  system.  Lesions  in  the  neigh- 
borhood  of  the  origin  of  the  pneumogastric  nerves,  such  as  hemorrhage, 
softening,  tumor,  or  sclerosis,  are  among  the  central  causes;  pressure 
neuritis  of  the  pneumogastric  from  enlargement  of  the  lymphatic  glands, 
or  disease  of  the  vertebrae  and  toxic  neuritis  after  diphtheria  or  in  chronie 
alcoholism  or  lead  poisoning  are  among  the  peripheral  causes.  Difficulty 
of  swallowing,  without  pain,  is  a  characteristic  symptom.  It  develops 
gradually  or  abruptly,  according  to  the  cause.  The  food  produces  a  sense 
of  weight  or  pressure  and  a  large  bolus  is  more  readily  swaIlowed  than 
small  morsels.  Fluids  may  be  regurgitated.  Gurgling  sounds  attend  the 
act  of  swaIlowing,  but  the  normal  sound  at  the  cardia  is  not  heard.  The 
bougie  passes  £reely. 


X. 

THE    DIGESTIVE   SYSTEM  (CONTINUED):  APPETITE;   THIRST 
ERUCTATIONS;     REGURGITATION;     NAUSEA;     VOMITING 
THE  VOMITUS;  DEFECATION;  CONSTIPATION;  DIARRHCEA 
TENESMUS;     PAINFUL     DEFECATION;     FECAL     INCONTI- 
NENCE;    CHARACTER  OF  THE  DISCHARGES. 

Appetite,  thirst,  the  frequency  of  defecation  and  the  consistency  and 
other  characters  of  the  stools  vary  within  wide  limits  in  health.  They  are 
to  a  considerable  extent  influenced  by  habit  and  the  mode  of  life  of  the 
individual.  Beyond  these  limits  they,  together  with  certain  associated 
symptoms,  acquire  clinical  significance  of  importance  in  disease  of  the 
digestive  organs  and  other  local  and  general  affections. 

APPETITE. 

Appetite  is  dependent  upon  the  state  of  the  gustatory  nerves,  the 
condition  of  the  stomach,  and  the  requirements  of  the  organism  as  a  whole. 

The  appetite  for  food  may  be  diminished,  lost — anorezia;  increased — 
polyphagia  or  bulimia;  perverted — pica  or  parorezia;  or  insatiable — acaria. 

Lo58  of  appetite  varies  from  mere  indiflference  to  food  to  complete 
anorexia.  It  is  symptomatic  of  the  most  varied  morbid  states,  the  enu- 
meration  of  which  would  comprise  a  nosological  system. 

The  appetite  is  more  or  less  impaired  in: 

(a)  The  acute  infections.  The  absence  of  the  normal  desire  for  food 
is  due  chiefly  to  the  toxsemia,  and  in  part  to  the  subacute  gastritis  which 
is  usually  present. 

(b)  The  chronie  infections,  especially  in  the  active  stages  of  syphili8, 
tuberculosis,  and  malaria,  and  in  the  conditions  of  malnutrition  and  caehexia 
to  which  these  diseases  give  rise. 

(c)  Septic  conditions,  both  acute  and  chronie,  and  in  ali  forma  of 
local  suppuration.     Loss  of  appetite  in  the  abeence  of  gastric  diaeaae  or 
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other  adequate  obvious  cause,  especially  when  associated  with  persistent 
leucocjrtosis,  may  be  8ymptomatic  of  local  suppuration  in  some  part  of 
the  body. 

(d)  Pyrexia.  Fever  is  attended  by  loss  of  appetjte  as  in  any  of  the 
foregoing  conditions,  and  this  symptom  is  commonly  present  in  the  early 
convalescence  from  febrile  diseases.  A  notable  exception  to  the  latter 
dtatement  occurs  in  enteric  fever,  in  which  hunger  is  usuaily  a  prominent 
and  urgent  symptom  after  the  defervescence. 

(e)  Ali  forms  of  ansemia,  chronic  wasting  diseases,  and  in  many 
functional  and  organic  diseases  of  the  nervous  system.  The  loss  of  appe- 
tite  18  not  only  an  important  symptom  in  these  conditions  but  it  is  aJso 
an  etiological  factor.  A  vicious  circuit  is  established.  The  inability  to 
take  food  aggravates  the  condition  that  causes  it. 

A  remarkable  suppression  of  the  desire  for  food  is  manifest  in  certain 
cases  of  hysteria.  There  are  instances  in  which  the  suppression  of  appe- 
tite  is  maintained  for  long  periods,  as  in  "  fasting  girls."  Deception  is  to 
be  guarded  against.  To  hysteria  is  to  be  referred  the  condition  described 
by  GuU  as  anorezia  nervosa,  in  which  there  is  not  only  complete  loss  of 
appetite  but  also  absolute  inability  to  take  food,  with  the  gravest  symp- 
toms  of  inanition,  sometimes  ending  in  death. 

(f)  Cachexias  and  terminal  states.  The  patient  is  not  only  unable 
to  take  food  save  in  minimum  quantities,  but  life  is  also  often  maintained 
without  it  for  considerable  periods — a  fact  due  to  the  extreme  limitation 
of  vital  activities. 

(g)  Toxic  conditions.  Complete  loss  of  appetite  attends  ali  acute 
toxic  conditions,  and  there  is  great  impairment  in  chronic  intoxications, 
as  that  of  lead,  arsenic,  or  mercury.  The  anorexia  is  due  in  part  to  the 
general  malnutrition^  in  part  to  local  disorder  of  the  organs  of  digestion. 
In  chronic  alcoholism  appetite  is  irregular  and  enfeebled  and  at  the  close 
of  a  debauch  is  completely  lost.  Aversion  to  food  is  frequently  the  fore- 
runner  of  an  attack  of  delirium  tremens. 

(h)  Psychic  states.  Depressing  emotional  conditions,  such  as  result 
from  worry,  anxiety,  suspense,  and  grief ,  are  usually  attended  with  anorexia. 
The  impairment  of  appetite  under  these  circumstances  is  largely  depend- 
ent  upon  the  temperament  of  the  individual. 

(i)  Functional  or  organic  disease  of  the  stomach.  Appetite  may 
persist  normally  or  in  some  abnormal  form  in  the  gastric  neuroses,  and 
is  maintained  in  some  cases  of  gastric  ulcer.  Patients  suffering  from 
disease  of  the  stomach  frequently  have  a  craving  for  food  which  is  im- 
mediately  dispelled  upon  attempts  to  eat.  Loss  of  appetite  not  infre- 
quently  results  from  a  monotonous  or  inadequate  dietary.  Under  these 
circumstances  the  appetite  frequently  returns  when  the  patient  is  per- 
mitted  to  take  ordinary  food.  There  is  a  French  proverb  to  the  effect 
that  appetite  comes  with  eating. 

Polypluigla  is  a  term  used  to  indicate  exces8ive  or  voracious  eating. 
It  may  be  occasional,  as  in  the  convalescence  from  enteric  fever  or  in  chil- 
dren  suflfering  from  whooping-cough,  the  frequent  vomiting  caused  by  the 
paroxysms  not  permitting  the  absorption  of  sufficient  food  to  meet  the 
needs  of  the  organism;  or  persistent,  as  in  diabetes. 
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Bulimia  and  acoria  are  terms  used  to  designate  an  insatiable  appetite 
This  is  symptomatic  of  certain  insanities  and  some  forms  of  idiocy  and 
occurs  in  paroxysms  in  certain  cases  of  hysteria,  neurasthenia,  epilepsv, 
and  exophthalmic  goitre.  In  polyphagia  the  patient  eats  large  quanti- 
ties  of  food  and  is  for  the  time  being  satisfied.  In  bulimia  the  ordinary 
sense  of  satiety  after  eating  does  not  occur.  Acoria  is  the  loss  of  the 
sensation  of  satiety. 

Pica  or  |Mirorexla  is  a  craving  for  unnatural  articles  of  food — a  de- 
praved  appetite.  It  is  seen  in  some  cases  of  hysteria,  chlorosis,  and  in 
pregnancy.  These  terms  are  also  employed  to  designate  a  nervous  craving 
for  special  articles  of  diet  or  for  articles  that  are  not  fit  for  food. 

THIRST. 

Thirst  is  in  some  instances  an  individual  peculiarity.  There  are 
persons  who  rarely  experience  the  sensation  of  thirst  and  do  not  con- 
sume  enough  fluid  to  fully  meet  the  requirements  of  the  body;  others 
who  without  impairment  of  health  manifest  an  habitually  abnormal 
desire  for  fluid. 

Imimired  Thirst. — The  sensation  of  thirst  is  diminished  in  soporous 
States,  even  when  the  buccal  and  salivary  secretions  are  diminished  and 
the  mouth  and  tongue  are  dry,  as  in  enteric  fever. 

Increased  thirst  is  symptomatic  of  many  morbid  states.  It  is  a  con- 
stant  symptom  in  fevers  and  occurs  in  ali  conditions  attended  with  abun- 
dant  or  profuse  loss  of  fluids,  and  is  proportionate  to  the  dehydration  of 
the  tissues.  It  therefore  attends  profuse  sweating  both  physiological 
and  pathological,  abundant  diuresis  from  any  cause,  persistent  vomiting, 
abundant  watery  discharges  from  the  bowels,  and  sudden  copious  hemor- 
rhage.  It  occurs  at  the  time  of  crisis  from  acute  diseases,  as  eroupous 
pneumonia;  in  the  polyuria  of  hysteria  and  persistently  in  diabetes  insipi- 
dus  and  mellitus;  in  the  copious  vomiting  of  acute  irritant  poisoning  and 
in  some  cases  of  ursemia;  after  the  action  of  eiaterium  and  other  drugs 
producing  large  watery  discharges  from  the  bowels;  in  cholera  nostras 
and  Asiatica  and  after  ali  kinds  of  abundant  hemorrhages  both  pathologi- 
cal and  traumatic.  An  unusual  desire  for  water  is  observed  in  some  cases 
of  chronic  gastritis.  Persistent  excessive  thirst  is  very  often  the  first 
symptom  to  attract  attention  in  diabetes.  The  arrest  of  the  buccal  secre- 
tions in  xerostomia  or  dry  mouth  gives  rise  to  continued  and  distressing 
thirst.  Polydipsia  is  a  term  used  to  describe  the  habitual  taking  of  fluid 
in  excessive  amounts. 

ERUCTATIONS,  REGURGITATION,  NAUSEA,  AND 

VOMITING. 

The  cesophagus  enters  the  stomach  at  an  angle,  forming  a  valve- 
like  fold  which  serves  to  prevent  the  return  of  the  contents  of  the 
stomach.  The  relation  of  the  central  tendon  of  the  diaphragm  to  the 
cesophagus  is  such  that  it  closes  the  oesophageal  opening  only  at  the 
time  of  inspiration. 
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Eructations  or  Belching. 

The  spasmodic  forcible  discharge  of  gas  or  air  from  the  mouth  is  a 
common  8ymptom.  It  may  come  from  the  oesophagus;  much  more  com- 
monly  it  comes  from  the  stomach.  It  is  sometimes  odorless,  frequently 
oflfensive.  It  may  consist  of  air  swallowed  with  the  food  or  with  the  šaliva, 
or  of  the  gaseous  products  of  the  chemical  decomposition  of  the  food  in 
the  stomach.  The  eructations  may  be  occasional  or  occur  in  paroxysms 
lasting  for  periods  of  some  hours.  Eructations  are  symptomatic  of 
acute  indigestion  such  as  results  from  over-eating,  various  forms  of 
gastritis  and  other  organic  affections  of  the  stomach,  or  they  may  be  of 
nervous  origin.  Large  quantities  of  odorless  gas  are  sometimes  forcibly 
expelled  at  intervals  during  a  period  of  several  hours  in  hysterical  and 
neurasthenic  individuals,  the  stomach  at  the  same  time  being  tensely 
distended. 

Res:urgitation. 

The  liquid  portions  of  the  food,  and  in  some  instances  the  solids,  are  re- 
turned  to  the  mouth  without  the  violence  characteristic  of  vomiting.  Regur- 
gitation  from  the  cesophagus  occurs  as  a  symptom  of  stricture,  dilatation  or 
diverticulum,  the  food  being  returned  immediately  or  after  an  interval.  Re- 
gurgitation  from  the  stomach  may  be  due  to  over-distention  with  food,  or 
drink  and  relaxation  of  the  cardiac  orifice.  The  regurgitation  of  considerable 
quantities  of  an  opalescent,  slightly  alkaline  fluid  is  spoken  of  as  ivater-brash. 

Meryci8m  or  niminatlon  is  the  regurgitation  of  solid  food  from  the 
stomach  to  the  mouth,  when  it  is  again  chewed  and  swallowed.*  The  food 
is  returned  in  small  portions  without  nausea.  This  phenomenon  appears 
at  first  to  be  the  result  of  regurgitation,  later  a  habit. 

Pyro8l8  or  heart-bum  is  a  burning  sensation  behind  the  sternum, 
extending  to  the  pharynx.  It  is  often  accompanied  by  eructation  and 
sometimes  by  the  regurgitation  of  an  acid  fluid.  It  is  due  to  the  ejection 
of  the  gastric  contents  into  the  cesophagus.  It  occurs  in  hyperchlorhydria 
but  may  appear  as  a  neurosis  when  the  gastric  secretion  is  normal. 

Nausea. 

Nausea  or  sickness  at  the  stomach  is  closely  associated  with  vomiting 
in  its  mechanism  and  clinical  significance.  It  belongs  to  the  group  of 
abnormal  sensations  referred  to  the  stomach,  and  occurs  in  functional 
and  organic  aflfections.  Those  causes  which  excite  vomiting  also  excite 
nausea,  though  the  latter  may  occur  in  the  absence  of  the  former.  The 
term  "nervous  nausea"  is  applied  to  this  symptom  when  it  arises  in  con- 
stitutional  disorders  and  diseases  of  the  central  nervous  8ystem.  It  is 
common  in  neurasthenia  and  hy8teria  and  is  very  often  the  result  of  reflex 
irritation  in  distant  organs,  for  example,  the  uterus  and  ovaries.  Nausea 
is  very  common  in  the  early  stages  of  pregnancy,  and,  associated  with 
retching  and  vomiting,  constitutes  in  pregnancy  the  svndrome  known  as 
morning  sickness,  which  in  cxceptional  cases  is  persistent  and  intractable 
and  mav  even  cause  death. 


520  MEDICAL  DIAGNOSIS. 

Vomitins:. 

Vomitins^  is  the  forcible  expuIsion  of  the  contents  of  the  stomach 
through  the  mouth.  In  exceptional  cases  the  contents  of  the  intestines 
may  also  be  expelled  through  the  mouth — fecal  or  stercoraceous  vomiting. 

The  Muscular  Mechanism. — The  act  of  vomiting  is  a  complex  reflex 
movement  in  which  many  muscles  take  part.  There  is  usually  a  sensation 
of  nausea  and  a  reflex  flow  of  šaliva  into  the  mouth,  accompanied  or  fol- 
lowed  by  a  series  of  more  or  less  violent  retching  movements  which  consist 
of  deep  inspirations  with  closure  of  the  glottis.  As  a  result  of  these  move- 
ments the  stomach  is  compressed  by  the  diaphragm  and  the  negative  pres- 
sure  in  the  thorax  and  especially  in  the  oesophagus  is  decidedly  increased. 
In  the  course  of  these  retching  movements  the  act  of  vomiting  is  brought 
about  by  a  sudden  convulsive  contraction  of  the  abdominal  muscles  which 
exerts  additional  pressure  upon  the  stomach.  With  this  the  cardiac  orifice 
of  the  stomach  is  dilated  and  the  stomach  contents  are  forced  through  the 
oesophagus,  the  glottis  being  closed  by  the  adductor  muscles  and  the  nasal 
chambers  shut  oflf  from  the  pharynx  by  the  contraction  of  the  posterior 
pillars  of  the  fauces  upon  the  palate  and  uvula.  In  the  vomiting  of  uncon- 
sciousness,  as  in  anaesthesia,  the  laryngeal  muscles  may  relax  and  vomited 
matters  be  insufflated  into  the  trachea,  and  in  violent  vomiting  the  material 
may  in  part  be  forced  past  the  palate  and  uvula  and  ejected  through  the  noše. 

It  is  not  uncommon  for  the  contents  of  the  duodenum  to  be  forced 
by  the  violence  of  the  contraction  of  the  abdominal  muscles  through  the 
pylorus,  so  that  the  vomitus  consists  of  bile-stained  material  and  some- 
timcs  of  pure  bile. 

The  muscles  concerned  in  vomiting  are  respiratory.  The  act  consists 
essentially  in  the  simultaneous  spasmodic  contraction  of  the  diaphragm. 
an  inspiratory  muscle,  and  the  abdominal  or  expiratory  muscles,  contrac- 
tion of  the  muscular  fibres  of  the  stomach  being  altogether  of  subsidiary 
importance. 

The  Nervous  Mechanism. — The  reflex  nature  of  vomiting  is  shown 
by  the  frequency  with  which  it  is  produced  by  the  stimulation  of  sensorj 
nerves  and  by  injuries  to  various  parts  of  the  central  nervous  system- 
Disagreeable  emotions  and  derangements  of  the  equilibrium  of  the  body, 
irritation  of  the  mucous  membrane  of  various  parts  of  the  alimentary 
canal,  pathological  states  of  the  genito-urinary  tract,  and  lesions  or  injuries 
of  the  brain  may  ali  cause  vomiting.  Vomiting  may  also  be  caused  by 
direct  action  upon  the  medullary  centres,  as  in  the  čase  of  drugs — apomor- 
phine  and  various  narcotics — and  by  or  in  the  toxsemia  of  the  infections 
and  autointoxications,  as  ursemia  and  cholsemia. 

The  causes  are  many,  but  the  most  common  is  irritation  of  the  sensory 
'  fibres  of  the  gastric  mucous  membrane.  In  this  čase  the  aflferent  path  is 
by  way  of  the  sensory  fibres  of  the  vagus;  the  efferent  path  by  way  of  the 
motor  fibres  innervating  the  muscles  concerned  in  the  act  of  vomiting, 
namely,  the  vagi,  the  phrenics,  and  the  spinal  nerves  distributed  to  the 
abdominal  muscles.  It  is  now  generally  conceded  that  there  is  a  definite 
vomiting  centre  situated  in  the  medulla  in  close  proximity  to  the  respira- 
tory  centre. 
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The  reftdiness  vith  which  children  vomit  ifl  due  in  part  to  the  greater 
reflei  excitability  of  the  nervoua  system  in  earlj-  life;  in  part  to  the  posi- 
tion  of  the  etomach,  which  ia  more  near!y  vertical  than  in  adulta.  The 
undeveloped  state  of  the  fundua  and  the  defective  closure  of  the  cardia 
increase  the  liability  of  infanta  to  vomiting,  which  often  occurs  without 
effort  as  a  mere  regurgitation  of  a  portion  of  the  food  upon  change  of 
posture  or  slight  presaure  upon  the  epigastrium. 
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1.  Vomlttnc  trom  DIrect  Irritatloii  of  the  T«rmIiiAl' Flbres  of  the  Vagus 
tal  the  Stomach. — Vomiting  from  this  cause  is  vcry  common.  It  may 
result  from  anatomical  lesions  of  the  stomach  itself  and  from  quantitative 
and  qualitativc  abnormalities  of  the  contents  of  the  organ.  Vomiting 
is  a  common  phenomenon  in  various  forma  of  gastritia.  In  acute  gastric 
catarrh  there  is  vomiting  of  the  gastric  contents  followed  by  mucus 
often  stained  with  bile;  a  senae  of  relief  is  then  cxperienced.  In  chronic 
gastric  catarrh  vomiting  is  common;  it  occurs  at  various  intervala  aft«r 
the  taking  of  food.  Frequently,  and  e8pecially  in  the  gastric  catarrh  of 
alcoholic  subjects,  there  is  distressing  vomiting  of  tough  mucus  on  rising — 
vomitua  matiUinua  poUUorum.    Vomiting  is  commou  \ti  "^\iM\t  >^<»x  <i\  ''iQ& 
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stomach  and  is  frequently  provoked  by  the  intake  of  food,  which  alao 
causes  pain.  The  pain  very  often  precedes  the  vomiting  and  is  relieved 
by  it.  The  vomiting  which  attends  carcinoma  ventriculi  is  a  common 
and  distressing  symptom.  It  is  not  often  present  until  the  disease  has 
made  considerable  progress.  It  may  occur  when  the  stomach  is  empty, 
but  usually  follows  the  ingestion  of  food,  after  varying  intervals.  When 
the  growth  involves  the  cardia  food  may  be  immediately  vomited;  when 
the  pylorus,  after  an  interval  of  several  hours.  Vomiting  may  be  absent 
in  carcinoma  of  the  fundus  or  lesser  curvature.  In  stenosis  of  the  pylorus 
from  carcinoma  or  other  cause  food  is  retained  in  the  stomach,  which  grad- 
ually  undergoes  dilatation,  and  is  vomited  after  some  hours  or  a  day  or 
two — retention  vomiting.  The  vomiting  of  large  quantities  of  fluid  after 
considerable  intervals  of  time  is  characteristic  of  gastric  dilatation.  Vom- 
iting does  not  occur  in  gastrectasis  of  slight  degree  and  in  the  extreme 
cases,  by  reason  of  the  impaired  contractility  of  the  wall  of  the  stomach, 
may  wholly  cease — an  unfavorable  symptom.*  Vomiting  is  a  common 
symptom  of  cholera  morbus  and  cholera  Asiatica  and  may  be  regarded 
as  the  direct  result  of  the  inflammation  of  the  gastric  mucous  membrane. 
It  usually  occurs  after  the  diarrhoea,  sometimes  coincidently  with  it, 
«carcely  ever  before  it.  Vomiting  in  cholera  is  usually  unattended  with 
efTort,  is  frequently  repeated,  and  ceases  or  alternates  with  singultus  in 
the  algid  stage.  The  vomitus  is  liquid  and  sometimes  resembles  the  rice- 
water  discharges.  This  symptom  occurs  in  hyperacidity  and  hypersecre- 
tion  and  may  be  so  persistent  in  cases  of  gastric  hyperaBsthesia  that  ali 
food  is  promptly  ejected.  External  pressure  upon  the  stomach,  as  in  peri- 
■carditis,  ascites,  or  pericardial  effusion,  may  cause  vomiting. 

2.  Vomiting  from  Central  Irritation  of  the  Vagus. — To  this  cause  must 
be  referred  the  vomiting  which  is  so  common  in  diseases  of  the  brain 
and  its  membranes — anaemia,  hyperffimia,  concussion,  sea-sickness,  M^ni- 
^re's  disease,  tumor,  abscess,  and  various  forms  of  meningitis.  So-called 
cerebral  vomiting  is  characterized  by  the  absence  of  nausea,  its  sudden- 
ness,  projectile  character,  and  the  fact  that  it  occurs  independently  of  the 
taking  of  food.  Vomiting  of  gastric  origin  is  mostly  followed  by  a  sense 
of  relief,  while  that  dependent  upon  cerebral  causes  usually  aggravates 
the  symptoms,  probably  because  of  the  mechanical  disturbance  produced 
by  the  act.  Vomiting  is  an  early  and  important  symptom  in  tuberculous 
meningitis  and  cerebrospinal  fever. 

3.  Reflex  Vomiting. — The  following  forms  are  to  be  considered: 

(a)  Vomiting  produced  by  irritation — tickling — of  the  base  of  the 
tongue  or  the  fauces.  Nausea,  gagging,  and  vomiting  are  frequently  cause<l 
by  the  unskilful  use  of  the  tongue-depressor  or  the  laryngoscopic  mirror. 
In  the  older  medicine  tickling  the  throat  with  a  feather  often  played  the 
part  of  an  emetic.  When  the  mucous  membrane  is  abnormally  sensitive, 
as  in  neurotic  individuals  or  as  the  result  of  acute  or  chronic  catarrh,  very 
slight  irritation  of  the  fauces  may  cause  vomiting.  The  vomiting  of  acute 
angina,  that  caused  by  efforts  to  dislodge  tough  masses  of  mucus,  that 
Bttendant  upon  hypertrophy  of  the  tonsils,  and  the  vomiting  which  accom- 
panies  the  paroxysm  of  pertussis  must  be  referred  to  this  group.  The 
irritation  caused  by  partially  detached  diphtheritic  membrane  sometimes 
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produces  efforts  at  vomiting  which  may  have  the  favorable  effect  of  wholly 
detaching  the  mass. 

The  vomiting  of  consumption  is  sometimes  an  early  symptom;  it  is 
more  common  and  troublesome  in  the  later  stages.  It  is  frequently  caused 
by  severe  paroxysms  of  coughing.  The  vomiting  of  phthisis  may  be  cerebral, 
as  from  tuberculous  meningitis,  of  which  it  is  often  an  early  and  ominous 
symptom;  due  to  pressure  upon  the  vagi  by  caseous  glands;  the  mani- 
festation  of  irritation  of  the  peripheral  distribution  of  the  vagi;  pulmonary, 
pharyngeal,  or  gastric  or  mechanical,  as  from  the  succussion  of  urgent  cough. 

(b)  The  vomiting  of  peritonitis,  which  is  frequently  severe  and  intract- 
able  and  always  significant. 

(c)  That  caused  by  irritation  of  the  intestinal  mucous  membrane.  In 
some  instances  the  action  of  purgatives  is  preceded  by  vomiting.  This 
8ymptom  may  attend  intestinal  parasites,  colic,  enterocolitis,  appendicitis, 
strangulated  hernia,  intussusception,  torsion,  and  ileus.  In  any  form  of 
obstruction  of  the  bowel  retroperistalsis  may  occur  with  vomiting,  which 
gradually  becomes  stercoraceous. 

(d)  That  attendant  upon  visceral  diseases  of  various  kinds,  as  biliary 
and  renal  colic,  acute  nephritis,  pyelitis,  cystitis,  Addison's  disease,  and 
acute  yellow  atrophy  of  the  liver. 

(e)  That  which  is  symptomatic  of  disorders  of  the  female  8exual  organs. 
Vomiting  is  common  in  anomalies  of  menstruation,  uterine  displacements, 
and  pelvic  exudates  and  new  growths. 

Of  especial  importance  is  the  vomiting  of  pregnancy.  A  little  mucus 
18  thrown  up  with  great  nausea  and  efifort  when  the  patient  rises  in  the 
morning.  Commonly  the  vomiting  does  not  recur  until  the  next  day; 
sometimes  it  is  persistent  and  distressing.  Usually  it  ceases  after  a  few 
months.     The  pernicious  form  has  been  spoken  of  above. 

(f)  So-called  nervous  vomiting.  The  most  typical  form  is  that  which 
occurs  in  hysteria.  It  depends  upon  the  hyperaBsthesia  and  abnormal 
motility  of  the  stomach  and  upon  quantitative  and  qualitative  changes 
in  the  gastric  secretions.  The  vomitus  is  often  of  large  amount  and  con- 
sists  of  thin  fluid.  It  is  a  notable  fact  that  notwithstanding  persistent 
vomiting  hysterical  patients  lose  little  weight. 

The  persistent  vomiting  of  Leyden  is  a  form  of  nervous  vomiting 
characterized  by  recurrent  attacks  coming  on  without  obvious  cause  or  as 
the  result  of  slight  indigestion,  fatigue,  or  worry,  and  lasting  from  some 
hours  to  several  days.  The  vomiting  is  copious  and  continuous;  the 
abdomen  retracted  and  the  bowels  constipated.  There  is  epigastric  pain 
together  with  intense  headache  and  intolerance  of  light  and  sound.  The 
pulse  is  frequent  but  there  is  no  fever. 

The  gastric  crises  which  occur  in  tabes,  and  less  frequently  in  acute 
myelitis,  disseminated  sclerosis  and  paresis,  are  to  be  mentioned  in  this 
connection.  Together  with  distressing  pain  there  is  vomiting,  U8ually 
persistent  and  uncontrollable.  Food  is  at  first  ejected,  then  a  colorless 
8tringy  fluid  and  in  some  cases  a  bloodnstained  mucus.  There  is  vertigo 
and  a  sense  of  sinking  at  the  pit  of  the  stomach.  The  attack  lasts  from 
some  hours  to  two  or  three  day8.  In  the  intervals  there  may  be  no  signs 
of  gastric  disease. 
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The  vomiting  of  migraine  belongs  to  the  categorjr  of  nervous  vomiting. 

(g)  Reflex  vomiting  may  accompany  diseases  of  the  heart,  especiallj 
myocarditis,  fatty  heart  and  angina  pectoris.  Vomiting  due  to  cardiac 
disease  is  not  infrequently  associated  with  hiccough. 

4.  Dll^t  Irritatlon  of  the  Centre  for  Vomiting.  —  This  form  is  less 
frequent.    It  arises  under  the  following  conditions: 

(a)  The  action  of  certain  emetics  of  which  apomorphine  is  a  type. 

(b)  The  action  of  toxic  substances  i^i  the  blood,  as  for  example  those 
present  in  nephritis  both  acute  and  chronic.  Vomiting  is  an  early  and 
ominous  symptom  in  many  cases  of  ursemia  and  not  rarely  the  first  indica- 
tion  of  contracted  kidneys.  Ursemic  vomiting  occurs  independently  of 
the  taking  of  food  and  is  often  severe  and  distressing. 

(c)  As  an  early  manifestation  of  the  toxaemia  of  the  acute  infections, 
especially  in  childhood.  Vomiting  may  attend  the  stage  of  onset  in  scarlet 
fever,  croupous  pneumonia,  diphtheria,  and  other  acute  febrile  diseases. 

The  Oross  Characteristics  of  the  Vomitus. 

The  general  appearance,  quantity,  odor,  and  reaction  of  the  ejected 
material  is  of  importance  in  diagnosis.  These  peculiarities  depend  largely 
upon  the  presence  or  absence  of  food  in  the  stomach,  its  character  and  the 
time  that  has  elapsed  since  its  ingestion.  When  vomiting  occurs  directly 
after  eating,  the  food  shows  little  or  no  change.  On  the  other  hand,  if  some 
hours  have  elapsed  there  may  be  no  trace  of  food.  In  retention  vomiting, 
however,  it  is  not  uncommon  to  find  particles  of  food  taken  at  a  previous 
meal  or  upon  a  preceding  day.  In  sucklings  the  appearance  of  the  vomited 
milk  is  of  importance.  The  presence  of  curds  indicates  the  presence  of 
the  milk-curdling  ferment;  an  uncurdled  milk  some  time  after  nursing 
shows  the  absence  of  normal  gastric  secretions  and  may  be  the  sign  of 
grave  changes  in  the  stomach. 

Aside  from  the  presence  of  food  the  following  peculiarities  are  of 
diagnostic  importance: 

Watery  Fluld  and  Mucus. — The  vomitus  may  consist  of  a  watery 
fluid  containing  little  or  no  mucus.  This  is  common  in  the  moming  in 
chronic  gastric  catarrh,  especially  that  of  alcoholic  subjects.  If  the  reac- 
tion is  al  kaline,  the  fluid  usually  consists  of  šaliva  that  has  been  swallowed 
during  the  night  and  the  vomitus  consists  largely  of  šaliva  in  cases  in  which 
prolonged  nausea  has  preceded  the  act  of  vomiting.  If  the  reaction  be 
acid  the  vomitus  consists  either  of  gastric  fluid  in  excess — hypersecretion — 
or  of  food  and  mucus  that  have  undergone  acid  fermentation.  More  com- 
monIy  the  vomited  matter  contains  mucus  and  in  some  cases  of  acute  and 
chronic  gastric  catarrh  it  is  composed  of  masses  of  tenacious  mucus.  The 
vomiting  of  hyperacid  gastric  juice  occurs  in  peptic  ulcer  of  the  stomach 
and  in  neurotic  conditions,  as  migraine,  hysteria,  the  gastric  crises  of  tabes 
and  exophthalmic  goitre.  In  some  cases  of  cholera  the  contents  of  the 
intestines  are  forced  into  the  stomach  and  vomited,  presenting  the  usual 
characters  of  the  rice-water  discharges  and  containing  the  comma  bacilli 
of  Koch. 
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BIlious  Vomiting. — Bile  is  very  commonly  present,  imparting  a  green 
or  yellow  color.  It  occurs  after  repeated  or  violent  vomiting  and  is  of  no 
great  diagnostic  importance.  The  early  vomiting  of  considerable  amounts 
of  bile  occurs  in  some  cases  of  peritonitis  and  intestinal  obstruction. 

Vomiting  of  Blood  —  Hsmatemesls  —  aastrorrhagUu  —  This  6ymptom 
occurs  in  a  number  of  morbid  conditions  and  is  of  great  importance  in 
diagnosis.  The  differential  diagnosis  between  hsematemesis  and  hffimopty- 
sis  has  already  been  considered.  The  vomited  blood  may  be  bright 
red  and  fluid — a  sign  that  it  has  remained  in  the  stomach  but  a  brief 
period;  or  it  may  consist  of  reddish  or  reddish-brown  clots  that  have 
formed  during  a  longer  period;  or  finally  it  may  present  the  appearance  of 
coflfee  grounds,  indicating  that  it  has  been  subjected  to  the  action  of  the 
gastric  juice  for  a  sufficient  time  to  undergo  partial  digestion,  with  altera- 
tion  of  the  hsemoglobin  and  destruction  of  the  erythrocytes.  In  some 
instances  a  superficial  resemblance  to  recent  blood  may  be  due  to  the  pres- 
ence  of  red  wine  or  various  reddish-colored  fruits  or  the  jellies  or  preserves 
made  from  them;  in  others  altered  blood — "coflfee  grounds" — may  be 
suggested  by  the  presence  in  the  vomitus  of  coflfee,  cocoa,  minute  frag- 
ments  of  boiled  or  over-cooked  meat,  and  certain  drugs,  as  the  prepara- 
tions  of  bismuth  and  iron.  As  a  rule  these  uncertainties  may  be  settled 
by  close  inspection  and  an  inquiry  into  the  facts,  but  there  are  rare  cases 
in  which  a  chemical,  microscopic,  or  spectroscopic  examination  may  be 
necessary  to  determine  the  question.  Bright  red  blood  is  usually  vomited 
in  considerable  amounts  and  in  association  with  small  clots,  while  the 
altered  blood  which  resembles  coflfee  grounds  is  mixed  with  the  vomitus 
in  small  quantities. 

Not  aH  blood  ejected  from  the  stomach  is  derived  from  the  vessels 
of  that  organ.  Blood  is  frequently  swallowed  and  then  vomited.  In 
h8Bmoptysis  a  portion  of  the  blood  coughed  up  is  often  swallowed.  Blood 
readily  finds  its  way  from  the  nasal  chambers  or  pharynx  into  the  stomach, 
e8pecially  when  the  patient  is  in  the  recumbent  posture.  The  blood  oozing 
from  the  bitten  tongue  in  the  epileptic  paroxysm  may  be  swallowed  during 
the  postepileptic  stupor  or  the  vomited  blood  may  be  derived  from  the 
vessels  of  the  oesophagus.  Blood  may  be  8wallowed  by  malingerers,  who 
sometimes  suck  it  from  a  wound  made  for  the  purpose  in  the  mouth  or 
upon  the  hand  or  forearm.  In  very  rare  instances  infants  vomit  milk 
stained  with  blood  derived  from  a  fissured  or  ulcerated  nipple. 

Bleeding  from  the  stomach  occurs  under  various  conditions,  of  which 
the  following  are  important: 

1.  CiRCULATORT  Derangements. — Portal  obstruction  and  the  re- 
sulting  passive  hypersemia  of  the  gastric  mucosa  lead  to  hsematemesis. 
This  symptom  therefore  occurs  in  cirrhosis  of  the  liver,  in  malignant  and 
other  tumors  of  the  porta,  and  in  adhesive  pylophlebitis.  Copious  hsematem- 
esis,  occurring  in  hepatic  cirrhosis  and  terminating  fatally,  occasionally 
arises  from  rupture  of  the  veins  of  an  enlarged  oesophageal  plexus.  The 
visceral  congestions  resulting  from  cardiac  mural  and  valvular  disease 
tend  also  to  hemorrhage.  Hsematemesis  is  occa8ionally  encountered  in 
massive  enlargement  of  the  spleen. 
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2.  HiEMic  DisoRDERS.  —  Hffimatemesis  is  frequently  symptomatic 
of  the  grave  ansemias.  It  occurs  in  pernicious  ansemia,  leukaemia,  bsemo- 
philia,  scurvy,  and  purpura  hflemorrhagica,  in  profound  jaundice,  and  stt& 
extensive  burns.  It  has  been  observed  in  phosphorus  poisoning  and  in 
acute  yellow  atrophy  of  the  liver. 

3.  The  Infections. — Vomiting  of  blood  is  of  occasional  occunrence 
in  epidemic  influenza,  typhu8,  relapsing  fever,  and  dengue.  It  is  a  promi- 
nent  event  in  some  forms  of  pernicious  malarial  fever,  malignant  variola, 
and  yellow  fever.  In  the  last  the  vomiting  of  altered  blood — HcLck  vomit — 
is  characteristic. 

4.  Traumatism. — Contusions  of  the  epigastrie  region,  as  from  a  blow 
or  kick,  crushing,  and  other  injuries,  are  sometimes  followed  by  the  vomit- 
ing of  blood.  The  vomitus  is  often  blood-streaked  after  prolonged  or 
violent  vomiting.  Under  this  caption  must  be  placed  the  direct  injury  to 
the  gastric  mucosa  caused  by  the  corrosive  poisons,  caustic  alkalies/  the 
mineral  acids,  arsenic,  and  the  like. 

5.  Specific  Anatomical  Lesions  of  the  Stomach.  —  Cancer  is  a 
common  cause  of  gastric  hemorrhage.  The  blood  is  usually  dark  and 
altered  and  rarely  profuse,  slight  oozing,  either  continuous  or  frequently 
repeated,  being  the  rule.  Even  more  common  is  gastric  ulcer.  The  blood 
is  usually  abundant,  bright  red,  and  fluid.  Copious  hsematemesis  is  sug- 
gestive  of  ulcer.  Free  and  even  lethal  bleeding  may  occur  in  superficial 
erosions,  and  profuse  hemorrhage  may  come  from  the  erosions  of  the  gas- 
tric mucous  membrane  which  sometimes  occur  after  operations  upon  the 
abdomen  and  especially  in  cases  in  which  the  omentum  has  been  wounded. 
In  gastric  and  duodenal  ulcer,  especially  the  latter,  the  blood  may  not  be 
vomited  but  is  passed  in  the  stools.  Miliary  aneurism  is  a  rare  cause  of 
gastric  hemorrhage.  It  is  not  common  for  death  to  result  directly  from 
the  bleeding,  which  is  often  repeated  from  time  to  time.  Ansemia,  fre- 
quently  of  high  grade,  results.  Syncope  with  or  without  general  convul- 
sions  may  immediately  follow  profuse  hemorrhage.  Hemiplegia  and 
amaurosis,  which  may  be  followed  by  optic  atrophy,  are  rare  sequelaD. 

6.  Certain  Nervous  Affections. — Hsematemesis  is  an  occasional 
event  in  hysteria;  and  cases  of  gastric  bleeding  have  occurred  in  apparently 
healthy  individuals  in  the  absence  of  any  local  or  general  condition  to 
account  for  it,  and  without  a  second  appearance.  This  symptom  is 
comparatively  infrequent  in  epilepsy  and  in  general  paresis,  and  Schiff 
and  others  have  directed  attention  to  it  as  a  rare  phenomenon  in  local 
cerebral  disease.  In  the  newborn  it  may  occur  as  an  isolated  symptoro 
or  with  hemorrhage  from  other  mucous  tracts. 

7.  Fatal  gastric  hemorrhage  may  result  from  the  rupture  of 
an  aneurism  of  the  aorta  or  its  branches  into  the  stomach.  Under  such 
circumstances  death  mav  occur  from  blood  loss  without  vomiting,  the 
stomach  being  distended  with  blood. 

Fecal  or  Stercoraceous  Vomiting. — This  is  a  significant  symptom  in 
acute  obstruction  of  the  bowel.  The  anatomical  condition  may  be  strangu- 
lation,  intussusception,  volvulus,  or  abnormal  contents.  The  last  of  these — 
fecal  masses,  biliary  calculi,  and  enteroliths — ^may  cause  acute  obstruction 
bjr  tbe  sudden  shifting  of  their  position.    Vomiting  comes  on  early  and  is 
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persistent.  The  vomitus  consists  at  first  of  the  contents  of  the  stomach,  then 
of  bile  or  bile-stained  material,  and  finally  of  a  browmsh  or  blackish  fluid  of 
a  distinctly  fecal  odor.  In  this  fluid  masses  of  fecal  matter  may  be  present* 
Retroperistalsis  not  rarely  occurs  in  peritonitis  and  in  some  cases  stercora- 
ceous  vomiting  is  the  result  of  a  gastro-intestinal  fistula.  Chronic  intesti- 
nal  obstruction  is  not  usually  attended  by  this  form  of  vomiting  even 
when  of  high  grade.    In  the  terminal  paroxysms,  however,  it  may  occur. 

Purulent  vomitins:  is  rare  and  not  usually  dependent  upon  primary 
disease  of  the  stomach;  it  may,  however,  occur  in  phlegmonous  gastritis. 
The  more  common  cause  is  perforative  ulceration  of  the  wall  of  the  stomach 
in  hepatic  abscess  or  empyema. 

PArasites  in  the  Vomit. — The  Ascaris  lumbricoides  occupies  the  upper 
part  of  the  small  intestine.  From  this  position  it  finds  its  way  readily 
into  the  stomach  and  is  often  ejected  with  the  vomit.  In  rare  cases  the 
segments  of  tsenia  are  present  in  vomited  matter  and  the  hooklets  and 
fragments  of  echinococcus  cysts  have  been  observed;  so  also  trichinellae  and 
the  larvae  of  insects. 

The  qiiaiitity  of  the  vomitus  depends  upon  the  volume  of  the  stomach 
contents  and  the  intensity  of  the  act  of  vomiting.  Very  sighificant  is  the 
retention  vomiting  of  pyloric  obstruction  and  the  large  fluid  vomiting  in 
gastrectasis  from  other  causes. 

The  Odor. — The  vomit  is  commonly  sour-smelling  and  often  intensely 
acid.  It  is  ammoniacal  in  ursemia  and  fecal  in  acute  intestinal  obstruction 
and  in  some  cases  of  peritonitis.  The  odor  of  the  vomitus  in  poisoning  is 
sometimes  of  great  diagnostic  importance.  Striking  examples  are  carbolic 
acid,  the  garlicky  smeli  in  phosphorus  poisoning,  that  of  bitter  almonds 
in  poisoning  by  hydrocyanic  acid  and  nitrobenzole,  the  vinegar-like  odor 
in  poisoning  by  acetic  acid,  and  the  smeli  of  ammonia;  less  significant 
are  the  odors  of  alcohol  or  laudanum. 

The  reaction  is  commonlv  acid.  Where  there  is  an  excess  of  šaliva, 
bile,  or  blood  the  reaction  is  al  kaline.  In  hypersecretion  the  reaction  is 
intensely  acid  and  patients  speak  of  their  teeth  being  set  on  edge  by  the 
taste.    In  uraemia  the  reaction  may  be  alkaline. 

The  taste  of  the  vomitus  is,  according  to  the  patients,  commonly  sour 
and  when  bile  is  present,  bitter.     Blood  imparts  a  salty  or  sweetish  taste* 

DEFECATION. 

Si^ificance  of  Abnormal  Defecation.  —  The  indigestible  parts  of 
the  food,  with  d^bris,  bacterial  masses,  and  secretions  from  the  intestinal 
tract,  pass  slowly  through  the  large  intestine  and  reach  the  sigmoid  flexure, 
in  which  they  accumulate.  As  the  semisolid  or  solid  material  passes  into 
the  rectum  it  stimulates  the  sensory  nerves  of  that  part  of  the  intestine, 
giving  rise  to  a  peculiar  sensation  and  deeire  to  defecate.  This  material 
is  retained  in  the  rectum  by  the  two  sphincter  muscles,  the  internal  of 
which  is  a  band  of  the  circular  layer  of  involuntary  muscles  of  the  rectum. 
Upon  the  passage  of  fecal  matter  into  the  rectum  the  internal  sphincter 
passes  into  a  condition  of  tonic  contraction,  the  relaxation  of  which  m&rks 
the  beginning  of  the  act  of  defecation.    The  internal  f&pbiiv^\^x  Ve^  ^otK^*^^^ 
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of  unstriped  muscular  fibre  and  receives  its  innervation  from  the  sjmpa- 
thetic  system  and  from  the  sacrospinal  nerves.  The  external  sphincter 
ani  is  made  up  of  striated  muscular  fibres  and  is  to  a  large  extent  under  the 
control  of  the  will.  Upon  intense  rectal  stimulus  the  voluntary  control 
is  overcome  and  this  sphincter  is  also  relaxed.  The  act  of  defecation  is 
therefore  in  part  voluntary  and  in  part  involuntary.  The  voluntary  factor 
is  made  up  of  the  inhibition  of  the  external  sphincter  and  the  simultaneous 
action  of  the  abdominal  muscles,  the  diaphragm  being  contracted  and  the 
glottis  closed.  Pressure  is  thus  exerted  upon  the  abdominal  and  pehic 
viscera,  with  the  result  that  the  contents  of  the  descending  colon  and  sig- 
moid  flexure  are  forced  into  the  rectum.  This  pressure  is  augmented  by 
deep  inspiration  and  fixation  of  the  respiratory  muscles.  The  involun- 
tary  factor  consists  in  the  contraction  of  the  muscles  of  the  rectum,  in 
particular  the  circular  layer,  and  the  relaxation  of  the  internal  sphincter, 
in  part  the  result  of  reflex  stimulation  from  the  lumbar  cord  and  in 
part  from  automatic  peristaltic  movements.  The  action  of  defecation  is 
essentially,  however,  an  involuntary  reflex,  as  is  well  seen  in  infants  and 
in  soporose  states. 

Under  ndrmal  conditions  the  bowels  move  once  a  day,  the  act  being, 
like  sleep  and  the  taking  of  food,  of  diurnal  rhythmical  recurrence.  There 
are  healthy  individuals,  however,  in  whom  the  rh3rthm  is  not  diurnal,  but 
at  intervals  of  two  or  three  days  or  exceptionally  longer,  and  in  whom  efforts 
to  bring  about  the  diurnal  movement  by  means  of  purgatives  are  followed 
by  manifest  derangements  of  health.  The  normal  periodical  movement  of 
the  bowels  is  maintained  by  the  observation  of  a  fixed  hour  for  this  f unction, 
and  various  derangements,  especially  constipation,  result  from  the  neglect 
of  this  rule. 

It  is  important  for  the  physician  to  inform  himself  as  to  the  periodicitv, 
frequency,  and  character  of  the  bowel  movements  and  in  certain  cases  to 
inspect  the  stools.  Departures  from  the  normal  in  respect  of  this  function 
relate  to  constipation,  diarrhoea,  tenesmus,  painful  defecation,  fecal  incon- 
tinence,  and  the  character  of  the  discharges. 

CONSTIPATION. 

Constipation — costiveness — infrequent  or  difficult  evacuation  of  fseces; 
retention  of  faeces.  This  condition  is  of  great  and  varied  diagnostic  impor- 
tance.  Its  cause  may  be  constitutional  or  intestinal.  Very  often  several 
causes  are  associated. 

The  more  important  constitutional  or  general  causes  of  constipation  are: 

1.  Personal  peculiarity:  Sluggishness  of  the  bowels  is  frequently  an 
hereditary  and  family  tendency.  It  is  far  more  common  in  persons  of  dark 
than  in  those  of  fair  complexion  and  is  especially  associated  with  the  traits 
that  constitute  the  bilious  temperament. 

2.  Unhygienic  habits,  as  want  of  proper  exercise,  the  failure  to  obser%e 
regularity  in  the  hour  of  defecation  or  to  devote  to  the  act  sufGcient  time, 
irregularity  or  undue  haste  in  meals  and  the  eating  of  unwhole8ome  food  or 
of  excessive  quantities  of  food.  From  this  point  of  yiew  constipation  is 
pniDarily  not  a  condition  of  the  body  but  a  condition  of  the  mind.    On  the 
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other  hand  too  little  food  or  a  diet  consisting  largely  of  proteid  substances 
or  which  contains  a  minimum  of  undigested  residuum  tends  to  constipa- 
tion.  It  is  obvious  that  a  suflScient  bulk  of  residual  material  is  required  to 
form  the  fecal  mass  and  excite  peristalsis.  The  insufficient  ingestion  of 
fluid  tends  also  to  cause  constipation. 

3.  Dehydration  of  the  tissues  by  profuse  and  frequently  repeated 
sweating,  diuresis  from  the  action  of  drugs,  the  polyuria  of  diabetes  insip- 
idus  and  mellitus,  or  repeated  hemorrhages  is  attended  by  constipation. 

4.  The  febrile  infections,  except  those  in  which  diarrhoea  is  an  especial 
symptom,  are  characterized  by  a  tendency  to  constipation.  Even  in 
these  affections  constipation  very  often  gives  way  in  the  later  course  of  the 
attack  to  diarrhoea,  and  the  latter  may  assume  the  guise  of  a  critical  dis- 
charge,  as  sometimes  occurs  in  croupous  pneumonia. 

5.  The  habitual  use  of  purgative  drugs  is  a  fruitf  ul  cause  of  constipation. 

6.  Constipation  is  a  very  common  condition  in  the  anaemias,  especially 
in  chlorosis,  and  is  often  a  troublesome  symptom  in  neurasthenia  and 
hysteria. 

7.  General  asthenia  and  cachectic  states  are  very  often  attended  by 
constipation;  so  also  conditions  in  which  the  abdominal  muscles  are  over- 
distended  and  their  contraction  hampered,  as  obesity,  ascites,  large  ab- 
dominal tumors,  and  pregnancy. 

Among  local  causes  of  constipation  the  following  are  to  be  considered: 

1.  Alterations  in  the  quantity  and  quality  of  the  intestinal  juices  and 
a  deficiency  of  bile  or  pancreatic  secretion.  Under  these  circumstances 
constipation  may  be  an  important  symptom  of  fever,  chronic  diseases  of  the 
gastro-intestinal  tract;  and  diseases  of  the  liver,  biliary  passages,  and  the 
pancreas.  It  is  to  be  borne  in  mind  that  the  normal  presence  of  bile  in  the 
intestine  constitutes  a  powerful  stimulus  to  peristalsis. 

2.  The  motor  mechanism  of  the  intestine  may  be  at  fault.  The  defect 
may  be  nervous,  as  in  organic  disease  of  the  nervous  system — myelitis, 
meningitis,  and  tetanus,  or  functional,  as  in  hysteria  and  neurasthenia. 
Or  the  defective  intestinal  innervation  may  be  the  manifestation  of  a  general 
asthenia.  The  arrest  of  peristalsis  and  tympanites  in  severe  enteritis, 
some  cases  of  appendicitis  and  in  peritonitis  and  acute  pancreatitis  are 
primarily  due  to  derangements  of  the  nerve-supply  to  the  bowel,  second- 
arily  to  paresis  of  its  muscular  wall.  Chronic  intestinal  catarrh  and  portal 
congestion  from  hepatic  or  cardiac  disease  are  often  attended  by  constipation 
due  to  impaired  nutrition  of  the  muscular  coat  of  the  bowel.  Atony  of  the 
colon  and  especially  of  the  muscular  wall  of  the  sigmoid  flexure  is  an  im- 
portant local  cause  of  constipation.  Dilatation  of  the  colon  is  attended 
with  constipation.  Large  collections  of  scybala  may  accumulate  in  the 
sigmoid  flexure  and  be  felt  upon  palpation  of  the  abdomen.  Constipation 
due  to  this  cause  is  encountered  in  neurasthenia  and  hy8terical  persons 
and  is  common  in  the  insane.  It  occurs  also  in  bed-ridden  and  elderly 
individuals. 

3.  Local  disease  of  the  rectum  or  anus  or  of  adjacent  organs  is  a  com- 
mon cause  of  constipation.  When  such  conditions,  as  is  usually  the  čase, 
render  the  act  of  defecation  painful,  the  patient  is  apt  to  postpone  it  unduly 
and  there  is  very  often  reflex  spasm  of  the  apbiiicict^  ^\C\Oci\^tA^\^NXVs^ 
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the  tirne  impossible.  Under  these  circumstances  fecal  material  accumu- 
lates  in  the  rectum  and  sigmoid  flexure  of  the  colon  and  greatly  adds  to  the 
discomfort  of  the  patient.  S.uch  local  disorders  are  inflamed  hemorrhoids, 
anal  Essure,  irritable  ulcer,  prostatic  inflammation  or  abscess,  and  a  tender 
retroverted  uterus  or  prolapsed  ovary. 

4/  Constipation  is  observed  in  malignant  disease  of  the  oesophagiis. 
pylorus  and  bowel  and  in  other  chronic  conditions  in  which  a  minimum  of 
food  is  ingested  or  that  which  is  taken  cannot  pass  onward  or  is  per8istent]y 
vomited. 

5.  This  symptom  may  be  due  to  a  contracted  condition  of  the  bowel — 
so-called  spasmodic  constipation.  The  narrowing  of  the  bowel  may  be  the 
result  of  ulcerative  colitis  or  dysentery;  a  manifestation  of  hy8teria  or  of 
the  atrophic  processes  of  advanced  life.  The  bowel  may  be  in  a  condition 
of  permanent  contraction  or  spasm  at  one  part  and  dilated  elsewhere. 
The  stools  are  small  and  sausage-shaped  or  they  may  be  liquid  with  hard 
scybalous  masses  yarying  in  size  from  a  marble  to.  a  walnut.  Spasmodic 
constipation  occurs  in  the  pelvic  disorders  of  women  and  in  chronic  lead 
poisoning. 

6.  Strangulated  hernia  is  attended  with  acute  constipation.  Laxatives 
are  without  effect.  There  are  vomiting  and  abdominal  distention.  Pain  is 
usually  present.  Similar  symptoms  attend  volvulus  and  other  forms  of 
intra-abdominal  strangulation.  In  intussusception,  the  sausage-like  tumor, 
tenesmus,  bloody  mucus,  and  a  relaxed  anus  are  significant.  Acute  reten- 
tion  of  faeces  with  the  signs  of  obstruction  demands  very  careful  and  8ys- 
tematic  examination  of  the  abdomen,  a  digital  exploration  of  the  rectum, 
and  examination  of  the  hernial  rings. 

Chronic  intestinal  obstruction  may  be  due  to  foreign  bodies,  very  large 
gall-stones,  tumors  within  the  gut  or  exerting  pressure  upon  its  wall,  masses 
of  scybala,  and  strictures  of  every  kind.  The  constipation  is  gradually 
developed;  occasionally  interrupted  by  watery  diarrhoea  and  sometimes 
by  attacks  with  the  symptoms  of  acute  obstruction.  Three  facts  are  of 
great  importance:  First,  that  fluid  fecal  matter  may  work  its  way  past 
the  obstruction  from  tirne  to  time;  second,  that  the  dilated  and  con- 
gested  bowel  below  the  obstruction  may  discharge  a  thin  fecal-stained 
mucus;  and,  finally,  that  both  these  conditions  are  occasionally  mistaken 
for  diarrhoea. 

7.  Constipation  in  infants.  Constipation  in  the  new-born  may  be 
due  to  imperforate  anus  or  a  congenital  stricture.  In  some  cases  it  results 
from  dilatation  of  the  colon,  which  may  attain  enormous  dimensions,  or  it 
may  be  due  to  simple  atony  of  the  large  bowel. 

Constipation  in  sucklings  and  especially  in  bottle-fed  infants  is  often 
due  to  deficiency  of  the  intestinal  secretions,  the  faeces  being  dry  and  hard. 
This  condition  has  been  attributed  to  insufficient  water  and  a  deficiency  of 
fat  in  the  food.  In  older  children  attention  to  the  hour  of  defecation  and 
regular  habits  are  as  important  as  in  later  life.  Constipation  often  results 
from  enterocolitis,  from  impairment  of  the  contractility  of  the  muscular 
wall  and  derangement  of  the  normal  secretions.  Acute  constipation  is 
frequently  symptomatic  of  mechanical  obstruction  by  foreign  bodies^  hard- 
enecl  and  impacted  fseces,  twiata,  and  mt>]fi&\iaieft^tioiu 
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Associated  Symptoms. — Sensations  of  pressure  and  distention  in  the 
abdomen,  uneasiness  and  pain,  especially  in  the  course  of  the  transverse 
colon,  loss  of  appetite,  a  furred  tongue,  a  disagreeable  taste,  and  uneasy 
precordial  sensations  are  common.  Patients  very  often  attribute  these 
phenomena  to  derangements  of  the  liver  or  stomach.  An  effectual  purge 
is  of  diagnostic  importance.  The  results  very  often  8how  that  these  symp- 
toms  are  due  to  constipation. 

Of  especial  importance  are  the  morbid  phenomena  in  the  distribution 
of  the  hemorrhoidal  veins  that  result  from  constipation.  Pain  before  and 
after  defecation,  protrusion  of  the  dilated  blood-vessels,  bleeding  and  the 
discharge  of  stringy  mucus  are  common.  Paroxysmal  neuralgic  pain 
referred  to  the  coccyx  or  the  suprapubic  region  or  to  the  inner  aspect  of  the 
thigh  are  less  frequent.  Gastric  catarrh  with  manifold  symptoms  and 
occasional  implication  of  the  duodenum  and  bile  passages  also  occurs.  In 
some  instances  catarrhal  jaundice  results  and  in  chronic  constipation  a 
slight  icteric  discoloration  of  the  conjunctiva  is  often  seen. 

Constitutional  derangements  are  not  less  common.  They  consist 
of  headache,  vertigo,  depression  of  spirits,  disinclination  for  work,  and 
debility.  Actual  neurasthenia  with  the  most  varied  and  depressing  8ymp- 
toms  may  result  from  obstinate  and  prolonged  constipation.  It  is  on  the 
other  hand  important  to  bear  in  mind  that  nervous  disease  is  a  frequent 
cause  of  constipation  and  that  the  most  troublesome  constipation  may 
occur,  for  example,  in  hysteria.  Under  such  circumstances  a  vicious  circuit 
is  established,  the  constipation  aggravating  and  intensifying  the  symptoms 
of  the  disease  of  which  it  is  itself  a  symptom. 

The  duration  of  constipation  is  largely  dependent  upon  its  cause. 
Simple  forms  resulting  from  neglect  of  hygienic  laws  may  last  three  or  four 
days;  more  troublesome  cases  may  resist  usual  treatment  for  weeks. 
Stubborn  constipation  with  severe  symptoms  suggests  mechanical  obstruc- 
tion  of  the  bowel.  The  passage  of  flatus  is  a  favorable  sign.  In  tran- 
dent  constipation  the  indican  in  the  urine  is  not  increased;  in  chronic 
obstruction  it  is  apt  to  be  increased. 

DIARRHOEA. 

Abnormal  frequency  and  diminished  consistence  of  the  stools.  This 
8ymptom  is  of  the  most  varied  significance.  It  results  from  increased 
peristalsis,  particularly  when  the  large  intestine  is  affected,  from  diminished 
abeorption  of  the  contents  of  the  bowel,  from  an  excess  of  fluid  in  the  bowel 
either  in  consequence  of  hypersecretion  of  the  substances  entering  into  the 
formation  of  the  succus  entericiis  or  of  transudation  of  serum,  and  in  rare 
instances  from  direct  abnormal  communication  between  the  stomach  or 
small  intestine  and  the  colon. 

Diarrhcea  may  therefore  be  symptomatic  of  deranged  innervation  of 
the  bowel,  mechanical  or  chemical  irritation  by  its  contents,  the  action  of 
toxic  substances,  either  in  the  bowel  or  in  the  blood-current,  as  in  poisoning, 
autointoxication  or  the  infections,  defective  nutrition  or  circulatory  de- 
rangements of  the  wall  of  the  bowel,  or  local  disease,  asulceration  or  new 
growth8  in  the  bowel  itself  or  adjacent  organa. 
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Diarrhoea  may  be  primary  or  secondary  or  it  may  be  acute  or  chronic. 
The  number  of  stools  varies  from  3  or  4  to  30  or  more  in  the  course  of 
twenty-four  hours,  their  consistency  from  semisolid  to  watery,  and  their 
color,  odor,  and  other  phy8ical  characters  vary  within  equally  wide  ranges 
(see  pp.  534,  535). 

The  recognition  of  the  f ollowing  f orms  of  diarrhoea  is  essential : 

1.  Nervous  diarrhoea.  This  symptom  may  denote  mere  increase  of 
peristalsis  in  the  absence  of  any  lesion  of  the  intestine,  in  hysteria, 
neurasthenia,  the  intestinal  crises  of  tabes,  exophthalmic  goitre,  Addison'8 
disease,  movable  kidney,  in  the  first  dentition,  and  in  emotional  disturb- 
ances  in  healthy  individuals  of  neurotic  temperament.  The  character- 
istic  manifestations  of  the  underlying  nervous  disorder  are  of  diagnostic 
importance.  The  stools  are  of  gruel-like  consistence  and  contain  noth- 
ing  of  pathological  importance.  The  attack  begins  abruptly  and  is  of 
short  duration. 

2.  Irritation  of  the  intestine  secondary  to  constitutional  conditions. 
Diarrhoea  may  occur  in  ursemia,  hyperpyTexia,  extensive  bums,  sudden 
chilling  of  the  surface,  certain  infectious  conditions,  as  malaria  and  septi- 
csemia,  and  as  the  result  of  the  subcutaneous  injection  of  such  purgatives 
as  podophyIlin  or  magnesium  sulphate.  The  urine  should  be  exaniined 
in  every  čase. 

3.  Increased  intestinal  fluid.  The  stools  are  abnormally  frequent 
and  watery  after  the  administration  of  the  hydragogue  cathartics  and  in 
cholera  nostras  and  Asiatica. 

4.  Irritation  of  the  intestine  by  various  ingesta,  or  pathological 
bowel  contents.  Abnormal  peristalsis  and  looseness  of  the  bowels  is  caused 
by  indigestion,  intestinal  parasites,  local  fecal  accumulations,  poisoning 
by  the  salts  of  mercury,  antimony,  arsenic,  copper  and  so  forth,  the  pur- 
gative  drugs,  organic  acids  derived  from  the  food  or  from  its  decomposition 
in  the  stomach  or  intestines,  mushroom  poisoning,  unaccustomed  or  im- 
proper  articles  of  diet,  bulky  or  indigestible  food,  large  quantities  of  cold 
food  or  drink,  or  the  administration  of  enemata.  In  aH  cases  the  anamnesis 
and  physical  examination  are  of  diagnostic  importance. 

5.  Abnormal  irritability  of  the  bowel.  Diarrhoea  may  be  the  mani- 
festation  of  an  idiosyncrasy,  and  is  symptomatic  of  catarrhal  ipflammation 
and  of  ulcerative  processes  of  aH  kinds,  from  superficial  erosions  from 
mechanical  irritation  to  the  specific  ulcerations  of  enteric  fever,  dysentery, 
or  tuberculosis. 

6.  Impaired  absorption.  Diarrhoea  is  not  rarely  due  to  extensive 
ulceration  or  atrophy  of  the  mucosa,  amyloid  disease,  and  portal  congestion. 
The  diarrhoea  of  tabes  mesenterica  is  largely  due  to  failure  in  fat  absorption. 

7.  Mucous  colitis  —  membranous  enterocolitis.  This  syndrome  is 
characterized  by  paroxysmal  diarrhcra  accompanied  by  severe  hypogastric 
or  left  iliac  pain  and  the  discharge  of  masses  of  mucus  or  membranous  casts 
of  the  bowcl.  The  attack  occurs  at  varying  intervals,  and  the  disease  is 
observed  in  neurotic  persons,  usually  women. 

8.  Under  very  unusual  circumstances  a  fistulous  communication 
between  the  stomach  or  upper  part  of  the  intestine  and  the  colon — 
U8ually  ita  transverse  part— ni&y  be  tbe  cavuae  of  diarrhcDa  witb  stools 
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containing  undigested  food  and  converseIy  of  the  eructation  of  intestinal 
gas  or  the  vomiting  of  fecal  material. 

9.  Lienteric  diarrhcea.  Normal  stools  are  U8ually  more  or  less  homo- 
geneous.  They  frequently,  however,  contain  such  indigestible  articles  as 
seeds,  husks,  the  capsules  of  berries,  fruit  pits,  and  the  like.  The  diarrhcea 
caused  by  excessive  quantities  of  food  or  the  ingestion  of  food  that  cannot 
be  digested,  or  which  attends  forms  of  enteritis  that  interfere  with  normal 
digestion  is  characterized  by  the  presence  in  the  stools  of  undigested  or 
only  partially  digested  particles  of  food  and  is  known  as  lienteric.  Frag- 
ments  of  food  may  be  recognized  in  the  stools  shortly  after  it  has  been 
eaten.  This  form  of  diarrhcea  may  be  aeute,  as  after  errors  in  diet  or  aeute 
enteritis,  or  chronic,  as  in  chronic  intestinal  catarrh. 

Associated  Symptoms. — Diarrhcea  is  often  unattended  by  any  symp- 
tom  other  than  the  frequent  recurrence  of  the  peculiar  sensation  which 
invites  to  the  closet.  Usually  there  is  uneasiness  in  the  abdomen,  which 
may  be  associated  with  local  or  general  pain,  often  colicky,  and  tenderness. 
Severe  diarrhcea  is  attended  with  thirst,  appetite  is  impaired,  and  there  is 
debility  proportionate  to  the  urgency  of  the  intestinal  symptoms.  Local 
or  general  tympanitic  distention  of  the  bowel  also  occurs.  Vomiting  is 
common,  especially  in  the  diarrhceas  of  infancy.  The  loss  of  fluid  not  only 
causes  thirst,  but  may  give  rise  to  f aintness,  coUapse,  cramps  of  the  muscles, 
subnormal  temperature,  diminution  of  urine  even  to  suppression  and  albu- 
minuria.  The  acidity  of  the  urine  is  increased  and  it  gives  the  reaction 
for  indican. 

TENESMUS. 

Rectal  tenesmus — painful,  ineffectual,  and  usually  long-continued 
straining  at  stool.  This  symptom  occurs  alone,  but  it  is  very  often  asso- 
ciated with  vesical  tenesmus,  partly  because  of  the  anatomical  relationship 
of  the  organs,  partly  because  of  the  common  action  of  some  of  the  causes. 
It  consists  of  spasm  of  the  musculature  concerned  in  defecation  and  micturi- 
tion.  The  violent  spasmodic  contractions  are  repe&ted  at  short  intervals 
and  are  attended  wit*h  such  distress  that  in  extreme  cases  children  fall  into 
general  convulsions  and  adults  faint.  The  discharge  consists  of  small 
amounts  of  stringy,  sometimes  bloody,  mucus  from  the  anus  or  a  few  drops 
of  urine  as  the  čase  may  be.  Rectal  tenesmus  occurs  in  the  course  of  irri- 
tating  lesions  of  the  rectum  and  anus,  whether  these  be  pririiary  or  second- 
ary.  It  is  a  symptom  of  intussusception,  dysentery,  polypus,  adenoma  and 
malignant  tumors  of  the  rectum  and  sigmoid  flexure,  proctitis  and  peri- 
proctitis,  hydatid  cysts  of  the  pelvis,  mechanical  injuries  to  the  rectum  by 
foreign  bodies,  or  in  exceptional  cases  in  highly  neurotic  persons  it  may 
follow  digital  or  instrumental  examination.  Tenesmus  is  not  a  common 
8ymptom  of  hemorrhoids  or  fissure  of  the  anus.  It  may  be  caused  by  im- 
pacted  faeces,  masses  of  round  worms,  the  presence  of  foreign  bodies,  and,  in 
connection  with  vesical  tenesmus,  by  stone  in  the  bladder.  It  is  also  a 
distressing  symptom  in  aeute  inflammation  and  abscess  of  the  prostate 
gland.  Tenesmus  is  easily  recognized.  Its  cause  may  be  obscure.  When 
it  is  violent  or  persistent  a  digital  or  proctoscopic  examination  should  be 
made  under  local  or  general  ansesthesia. 
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PAINFUL  DEFECATION. 

The  pain  may  be  such  as  to  cause  fecal  impaction  from  voluntary 
postponement  of  the  act.  The  passage  of  a  large  hard  fecal  mass  is  attended 
with  pain  under  normal  conditions.  In  proctitis,  inflamed  hemorrhoids, 
fissure  of  the  anus,  prolapsus,  irritable  ulcer,  and  malignant  disease  of  the 
rectum  pain  upon  defecation  is  a  conspicuous  symptom.  It  is  usually  pres- 
ent  in  inflammation  of  the  prostate  and  is  sometimes  symptomatic  of  acute 
inflammatory  affections  of  the  pelvic  organs  in  women. 

FECAL  INCONTINENCE. 

This  symptom  may  be  due  to  local  causes,  as  laceration  of  the  peri- 
neum  involving  the  anal  sphincters,  surgical  over-stretching,  and  malig- 
nant or  syphilitic  disease  of  the  rectum;  more  commonly  it  is  due  to 
general  conditions  which  profoundly  affect  the  nervous  system,  as  coma 
from  any  cause,  myelitis  and  other  diseases  of  the  spinal  cord,  grave  chorea, 
convulsive  diseases,  as  epilepsy,  tetanus,  and  strychnine  poisoning,  and 
certain  severe  infections,  as  enteric  fever,  dysentery,  cholera  Asiatica  and 
nostras  and  cholera  infantum.  Involuntary  discharges  very  often  precede 
dissolution.  The  unclean  habits  of  some  forms  of  insanity  cannot  be 
placed  in  this  group  of  symptoms. 

THE  GROSS  PHYSICAL  CHARACTERS  OF  THE 

STOOLS. 

The  fecal  discharges  of  the  healthy  adult  are  of  brownish  color,  cylin- 
drical  form,  soft  solid  or  semisolid  consistency,  150  to  200  grammes  in 
daily  quantity,  usually  neutral  or  faintly  alkaline  in  reaction  when  passed, 
and  emit  the  offensive  characteristic  odor. 

Abnormal  variations  in  these  respects  constitute  diagnostic  criteria 
of  some  importance.  The  macroscopic  examination  is  too  often  neglected. 
Laboratory  investigation  is  sometimes  necessary  (see  p.  229). 

1.  The  color,  which  is  due  to  the  presence  of  altered  bile  pigment, 
principally  hydrobilirubin,  may  be  modified  by  certain  articles  of  diet  or  by 
drugs.  It  may  be  rendered  black  by  blueberries  or  by  iron,  manganese, 
or  bismuth;  yellow  by  rhubarb,  colchicum,  senna,  or  santonin;  green 
by  spinach  or  calomel  or  by  certain  chromatogenous  bacteria.  In 
sucklings  and  others  who  subsist  upon  an  exclu8ive  diet  of  milk  the  fsces 
are  golden  yellow  or  whitish;  in  those  who  live  largely  on  meat  they  are 
brownish-black  in  color,  and  this  is  also  the  čase  with  fecal  matter  long 
retained  in  the  bowel  as  in  obstruction.  In  jaundice  due  to  obstruction 
they  are  grayish  or  puttv-colored.  When  they  are  increased  and 
thinned  by  intestinal  hypersecretion  or  transudation  their  color  is  usually 
light  brown  or  yellowish;  when  very  watery,  as  in  cholera,  they  are  of  a 
dirty-gray  color — rice-rvater  discharges,  The  presence  of  blood  colors  the 
stools  red  or  black:  red  when  the  blood  comes  in  considerable  quantity 
under  active  peristalsis  from  the  ileum  as  in  enteric  fever,  or  when  it  comes 
from  the  Jower  bowel  as  in  dy8entery,  or  from  the  rectum  as  in  piles;  black 
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when  it  is  derived  from  the  upper  regions  of  the  gastro-intestinal  tract  as  in 
peptic  ulcer,  or  when  it  is  thoroughly  mixed  with  the  stool. 

2.  The  form  is  lost  in  diarrhoea,  the  discharge  being  gruel-like  or  watery 
in  consistence.  The  normal  cylindrical  or  sausage-shaped  stool  may  be 
modified  in  various  conditions  of  the  lower  bowel.  In  prolapsus  ani  or 
stricture  of  the  rectum,  more  rarely  in  intussusception,  the  diameter  may 
be  much  narrowed — pipe-stem  stools;  in  stricture  or  cancer  of  the  rectum 
or  the  pressure  of  an  enlarged  prostate  gland  or  abscess  or  in  large  pelvic 
tumors  impinging  upon  the  rectum  the  stools  may  be  flattened  or  riftfeon- 
shaped;  in  constipation  from  any  cause,  but  especially  that  which  results 
from  atony  and  distention  of  the  colon,  they  often  assume  the  form  of 
irregular,  round,  hard  masses  like  the  dung  of  sheep — scybala. 

3.  The  consistence  is  increased  in  constipation.  The  fluid  is  resorbed 
and  the  mass  tends  to  become  hard  and  dry.  The  consistence  is  diminished 
in  diarrhoea.  Serous  stools  are  observed  in  cholera  Asiatica,  cholera  nostras 
and  cholera  infantum;  in  poisoning  by  antimony,  arsenic,  and  mushrooms. 
Small,  dribbling,  serous  stools  occur  in  some  cases  of  intestinal  obstruction 
from  cancer  and  other  causes.  Serous  stools  contain  little  or  no  fecal 
matter. 

4.  The  quantity  varies  greatly.  It  is  diminished  when  the  diet  is 
concentrated  or  consists  principally  of  meat;  increased  when  the  diet  is 
largely  made  up  of  starchy  and  vegetable  foods.  The  amount  voided  at 
one  effort  depends  of  course  upon  the  frequency  of  the  act  and  may  attain 
in  cases  of  constipation  as  much  as  1000  grammes.  The  quantity  in 
diarrhoea  is  increased  by  the  hypersecretion  of  the  intestinal  glands  and 
the  transudation  of  serum  from  the  blood-vessels.  In  starvation  the  total 
quantity  may  not  excecd  90  grammes  a  day. 

5.  The  reaction  and  odor.  The  reaction  is  faintly  acid  in  nursing 
infants  and  alkaline  in  some  forms  of  intestinal  fermentation.  The  acidity 
is  due  to  carbohydrate  fermentation  or  the  presence  of  fatty  acids.  The 
reaction  is  of  no  great  diagnostic  value.  Depending  upon  the  amount  of 
proteid  decomposition  and  the  putrefactive  bacteria  present,  the  odor  of 
the  stools  is  more  or  less  offensive.  Diets  that  allow  much  proteid  resi- 
due  to  reach  the  large  bowel  U8ually  give  foul-smcUing  mov?ments.  A 
milk  diet  in  health  gives  an  almost  odorless  stool.  Indol  and  skatol, 
derivatives  of  proteid  decomposition,  are  mainly  rcsponsiblc  for  the 
characteristic  fecal  odor. 

The  odor  in  healthy  infants  is  sour  and  unlike  the  fecal  odor  of  the 
stools  of  adults.  The  so-callcd  '*  albuminous  decomposition"  in  the  fajces 
of  infants  and  the  resulting  putrid  odor  are  due  to  the  decomposition  of 
the  undigested  proteid  of  the  milk  in  the  large  intestinc.  In  cholera 
infantum  it  is  sometimes  faintly  musty,  sometimes  suggestive  of  the 
waj3hings  of  meat.  In  the  absence  of  bile  the  stools  have  a  peculiarly 
offensive  odor. 

The  presence  of  milk  curds  in  the  stools  of  infants  indicates  an  error 
in  the  quantity  or  quality  of  the  food  and  is  one  of  the  earlier  8ymptoms  of 
enterocolitis;  the  presence  of  curds  in  the  stools  of  adults  who  are  taking 
a  milk  diet,  as  in  enteric  fever,  constitutes  an  indication  for  the  use  of 
in  connection  with  the  milk  or  a  reduction  in  its  quantitY. 
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Abnormal  Substances  in  the  Stools. — In  lienteric  diarrhoea  the  stools 
contain  undigested  particles  of  food.  Other  abnormal  substances  are  by 
no  means  uncommon  and  may  be  of  great  diagnostic -importance.  Among 
these  are  mucus,  blood,  pus,  fat  in  excess,  gall-stones,  intestinal  sand^  con- 
cretions,  intestinal  parasites,  sloughs,  and  foreign  bodies  that  have  been 
swallowed. 

Mucus. — Minute  particles  of  mucus  may  be  observed  upon  the  surface 
of  the  formed  stools  in  health.  Large  quantities  covering  the  stools  or 
expelled  with  them  in  masses  indicate  a  deranged  secretion  of  the  mucous 
glands  of  the  colon  or  rectum.  Masses  of  mucus  that  may  be  shaken  out 
in  water  into  sheets  or  tubular  casts  of  the  intestine  are  diagnostic  of 
membranous  colitis.  Mucus  intimately  admixed  with  the  fecal  matter  may 
come  from  the  small  bowel.  Mucus  in  the  stools  is  symptomatic  of  mechan- 
ical  or  pathological  irritation  of  the  bowel  and  is  seen  in  such  conditions  as 
impacted  faeces,  foreign  bodies,  intestinal  parasitism,  new  growths,  intus- 
susception,  and  aH  forms  of  dysentery,  enterocolitis,  and  proctitis. 

Blood. — A  distinction  is  made  between  "hemorrhage  from  the  bower' 
— the  discharge  of  red  blood  unmixed  with  fecal  matter — and  "melaena" — 
blood  intimately  mixed  with  the  faeces  and  occurring  in  the  form  of  "  tarr>'^' 
or  pitch-like  masises,  usually  of  semisolid  consistence  and  glistening  appear- 
ance.  The  difference  consists  chiefly  in  the  time  the  blood  remains  in  the 
intestine  and  therefore  in  general  terms  indicates  the  portion  of  the  gut 
into  which  it  has  been  discharged.  If,  as  in  the  čase  of  peptic  ulcer  of  the 
stomach  or  duodenum,  the  hemorrhage  has  been  high  up  in  the  intestinal 
tract,  the  blood  remriins  a  considerable  time  in  the  bowel,  and  is  subjected 
to  mechanical  conditions  by  which  it  is  incorporated  with  the  fecal  contents, 
undergoing  at  the  same  time  a  sort  of  digestion  by  which  its  phy8ical 
characters  are  much  changed.  If,  on  the  other  hand,  the  blood  is  poured 
out  lower  down  in  the  bowel  and  under  the  influence  of  an  active  peri- 
stalsis  is  speedily  evacuated,  it  maintains  the  characteristic  appearance  of 
fresh  blood,  often  bright  red  and  sometimes  commingled  with  recently 
formed  clots.  The  appearance  of  the  evacuations  therefore  is  of  diagnostic 
importance  in  this  respect.  On  the  other  hand,  a  copious  hemorrhage  from 
the  ileum,  as  in  enteric  fever  with  active  peristaltic  movement,  usuallv 
shows  itself  in  the  discharge  from  the  bowel  of  bright  red  blood,  while  a 
8low  oozing  from  the  colon  with  tardy  onward  propulsion  in  the  bowel 
may  appear  in  the  stools  as  "  coffee-grounds  "  or  even  as  "tarry  "  material. 

Blood  is  frequently  prescnt  in  the  stools  in  quantities  so  minute  that 
its  presencc  can  on]y  be  detected  by  chemical  examination — occult  blood 
(Partll,  p.  232). 

The  more  important  causes  of  blood  in  the  stools  are  portal  congestion, 
ulceration  of  the  intestinal  mucosa,  neoplasmata  and  in  particular  malig- 
nant  disease  of  the  gut,  intestinal  parasites,  embolism  of  the  mesenteric 
arteries,  intussusception,  and  traumatism. 

1.  Portal  Congesiion. — This  occurs  in  cirrhosis  of  the  liver,  portal 
thrombosis,  and  dilatation  of  the  hemorrhoidal  veins — piles.  The  diagnosis 
of  hemorrhoids  rests  upon  the  habitual  or  occasional  discharge  of  bright 
red  blood  with  the  stools,  the  appearance  and  habits  of  the  patient,  and  the 
signs  obtained  upon  inspection  or  a  digital  exami]iatioiL 
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2.  Ulcerative  Processes  in  the  Boivd. — Intestinal  hemorrhage  occur- 
ring  m  the  course  of  an  attack  of  enteric  fever  is  of  positive  diagnostic  im- 
portance.  It  means  the  erosion  of  an  arterial  twig  in  an  ulcer.  If  the 
hemorrhage  is  profuse  it  may  at  once  lead  to  coUapse  with  the  associated 
8ymptoms  of  internal  hemorrhage;  if  slight,  the  stools  may  be  tarry  or 
contain  slight  amounts  of  red  blood  without  symptoms.  In  either  čase  the 
appearance  of  blood  in  the  stools  is  of  prognostic  importance,  since  it 
denotes  deep  ulcer ation  which  may  be  followed  in  a  day  or  two  by  a  more 
abundant  blood  loss  or  by  perforation.  Other  ulcerative  processes  that 
lead  to  the  appearance  of  blood  in  the  stools  are  dysentery,  syphilis,  and 
tuberculosis.  Under  these  conditions  the  blood  appears  in  .the  form  of 
streaks  or  stripes  upon  the  stools  or  admixed  with  mucus  or  pus.  Dysen- 
teric  stools  may  present  the  appearance  of  meat  washings  or  of  masses  of 
blood  commingled  with  liquid  fecal  matter.  The  mere  presence  of  blood 
in  the  stools  does  not  under  ordinary  circumstances  justify  a  diagnosis. 
The  anamnesis  and  a  systematic  investigation  of  the  present  condition  of 
the  patient  are  necessary. 

3.  Maiignant  Disease  of  the  Bowel, — Blood  in  the  stools  is  in  many 
cases  the  first  symptom  to  attract  the  attention  of  the  patient  to  carcinoma, 
The  stools  are  not,  however,  characteristic,  and  a  systematic  examination, 
which  may  reveal  the  presence  of  an  abdominal  tumor,  is  neces8ary.  General 
failure  of  health,  8econdary  ansemia,  signs  of  intestinal  obstruction,  and 
cachectic  phenomena  are  confirmative. 

4.  Intestinal  Parasites. — The  Ankylostomum  driodenale  is  a  common 
cause  of  persistent  melaena  among  workers  in  the  soil  and  miners.  Grie- 
singer  first  drew  attention  to  this  parasite  as  the  cause  of  Egyptian  chlorosis. 
The  worms  infest  the  upper  portion  of  the  small  intestine  and  are  very 
abundant  in  the  jejunum.  The  diagnosis  rests  upon  the  prevalence  of  the 
condition  among  workmen  in  tunnels,  brick-yards,  excavations.  and  the 
like,  and  the  presence  of  the  ova  in  the  stools. 

5.  Emboliam  of  the  Mesenteric  Arteries — Infarction  of  the  BoweL — 
In  consequence  of  valvular  lesions  of  the  heart,  but  with  no  great  frequency, 
embolism  of  this  distribution  may  occur.  It  is  probable  that  the  occlu- 
fidon  of  small  vessels  produces  no  symptoms  of  importance  and  that  the  cir- 
culation  may  be  reestablished.  If  the  superior  mesenteric  artery  is  occluded, 
or  a  large  branch,  the  symptoms  are  sudden  collapse,  violent  colicky  pains, 
signs  of  peritonitis,  and  thin,  blood-tinged  stools  or  hemorrhage  from 
the  bowel. 

6.  Intussusception, — This  affection  occurs  in  infancy  and  childhood. 
Bloody  stools  are  of  diagnostic  importance  since  they  occur  in  at  least 
Bixty  per  cent.  of  the  cases  either  spontaneously  or  after  the  administration 
of  an  enema.  The  blood  is  commonly  mixed  with  mucus.  Associated 
8ymptoms  are  tenesmus  and  a  sausage-shaped  tumor  in  the  line  of  the  colon. 
Vomiting  and  tympany  are  less  common. 

7.  Traumatism. — Injuries  of  the  bowel  as  a  cause  of  bloody  stools 
commonly  involve  the  rectum,  and  when  they  do  not  penetrate  the  peri- 
toneum  may  be  readily  overlooked.  The  abundant  venous  supply  favors 
free  bleeding,  and,  since  the  blood  is  often  retained  in  consequence  of 
spasm  of  the  sphincters,  the  signs  for  a  time  may  be  8imply  those  of  inter- 


538  MEDICAL  DIAGNOSIS. 

nal  hemorrhage  and  collapse.  The  anamnesis  is  of  importance  and  a  digi- 
tal  examination  reveals  the  actual  condition.  The  presence  of  foreign 
bodies  may  be  thus  discovered  in  children,  idiots,  and  insane  persons. 

8.  Constitutional  Conditions. — Intestinal  hemorrhage  is  occasionallj 
8>Tnptomatic  of  leukaemia,  hsemophilia,  purpura  haemorrhagica,  and  scunT. 
This  svmptom  is,  however,  so  closelv  associated  with  the  general  phenomena 
of  those  diseases  that  it  is  of  secondary  importance  in  their  diagnosis. 

9.  Miscellaneous  Causes  of  Intestinal  Hemorrhage. — Bloody  stools  are 
of  infrequent  oecnrrence  in  consequence  of  the  rupture  of  an  aneurism  of 
the  abdominal  aorta  into  the  bowel,  jaundice,  acute  yellow  atrophj  of 
the  liver,  phosphorus  poisoning,  yellow  fever,  pernicious  malarial  fever, 
and  verv  rarelv  septiesemia. 

CoNCEALED  Hemorrhage. — Concealed  intestinal  hemorrhage  mav 
occur  in  the  foregoing  conditions.  If  small  it  may  give  rise  to  no  8ymp- 
toms,  although  prolonged  and  unsuspected  bleeding  may  be  the  cause  of 
profound  secondarv  anaernia  with  its  usual  symptoms;  if  large  the  hemor- 
rhage, while  not  for  a  tirne  appearing  at  the  anus,  occasions  the  symptom8 
of  internal  hemorrhage, — namelv,  collapse,  restlessness,  air-hunger.  pallor, 
a  pincheil  face,  cold  extremities,  a  rapid,  weak,  even  imperceptible  pulse, 
urgent  thirst,  and  a  tendencv  to  s\Ticope- 

Pus. — In  small  quantities  pus  mav  be  present  in  the  stools  in  dy8en- 
tery,  enteritis,  colitis,  proctitis,  and  in  ulceration  of  the  colon  or  rectum 
dne  to  malignant  grow-ths  or  svphilis.  Small  amounts  of  pus  may  be  present 
in  the  stools  in  profuse  leucorrhoea  or  urethritis;  but  under  these  cir- 
cumstances  it:>  appearance  is  without  diagnostic  importance,  since  the 
associateil  svmptonis  will  fullv  explain  it.  In  large  quantitie8  and  usuallj 
in  single  disoharges,  or  in  large  quantities  at  irregular  intervals,  pus  mav 
be  present  in  the  stinJs  in  consequence  of  the  rupture  of  an  abscess,  or 
the  establi.<hment  of  a  fistulous  communication  between  a  purulent  collec- 
tion  and  the  lH>wel.  Such  al>scesses  are  usuallv  periproctic,  pelvic,  or 
perinephric:  sometimes  appendicular:  and,  less  commonly,  in  the  gall- 
blailder,  hepatic  or  infradiaphragmatic. 

Fatty  Stools. — The  appearance  of  the  discharges  is  greasy  and  glisten- 
ing.  An  exi*e:>s  of  noutral  fat  is  present  in  obstructive  jaundice  and  in  vari- 
ous  forms  of  pancreatic  disease.  Fattv  diarrhcea,  with  icterus  andsugarin 
the  urine.  h:is  lxH*n  olv?erveil  in  acute  suppurative  pancreatitis.  Over- 
fetnling  and  indigestion  in  infants  mav  be  the  cause  of  fatty  stools,  and 
Bioilort  h:\s  descriUnl  a  fat  diarrhcea  in  which  the  percentage  of  fat  is 
enorniouslv  incn\HSi\l.  The  condition  is  primarv  in  which  the  ingestion  of 
fat  is  exitv!sive  and  which  mav  be  correcteil  bv  modification  of  the  food, 
auvl  stvouilarv  \vhioh  is  due  to  catarrhal  inflammation  of  the  intestine  or 
dist^iso  of  tlie  panoro:\s. 

Qall*stooe9 — Biliary  Calculi.  —  Gall-stones  have  been  found  to  be 
pn^s^Mit  in  Kun>tH\ins  in  fnuu  o  to  10  per  cent.  In  the  East  gail-stones  are 
saivi  to  Iv  oMriMuelv  raro.  Ciall-^tones  varv  in  size  from  a  concretion  barelv 
jH>rceptiblo  to  the  naktnl  eye  to  the  size  of  a  wainut  or  larger.  They  are 
sphorioal.  oval,  or  angular.  the  surface  being  smooth,  maminillated,  or 
facetevl.  \Vhen  large  t  hov  an»  cv>nimonly  single;  wheii  small  th^  mar 
a  um  ber  hundnHb«    lu  a  c;ik^  v>l  tcoiite  xVft  ^m^  stones  numbered  by  aetual 
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count  300.  When  extremely  small  they  are  described  as  biliary  or 
intestinal  sand.  Their  color  varies  from  a  whitish-gray  to  dark  yellow 
or  brown,  sometimes  black.  Their  consistence  is  usually  firm,  but  they 
are  often  friable,  being  crushed  by  pressure  between  the  thumb  and 
forefinger,  with  crystalline  fracture.  In  some  cases,  however,  they  are 
€xtremely  hard. 

lotestinal  Sand. — Small  brown  or  green  calculi,  spherical  or  irregular 
in  shape  and  of  rough  surface,  and  varying  in  size  from  grains  of  sand  to 
small  shot,  are  sometimes  present  in  the  stools  in  considerable  quantity. 
This  material  may  or  may  not  be  preceded  by  attacks  of  colic.  These 
calculi  are  of  variable  composition.  They  consist  in  some  instances  of 
inorganic  salts,  as  calcium  carbonates  and  phosphates,  magncsia  and  iron, 
together  with  organic  matter,  bacteria  and  urobilin.  Cholesterin  is  not 
present.  A  nucleus  may  sometimes  be  demonstrated.  It  is  formed  of  a 
grain  of  quartz  sand  or  a  minute  particle  of  the  čase  of  a  fruit  sced.  In 
other  very  rare  cases  calcium  sulphate  has  been  the  chief  constituent. 
This  form  of  intestinal  sand  occurs  in  intestinal  neuroses  of  the  secre- 
tory  type. 

Psuicreatic  Calculi. — Kinnicutt  has  rečen tly  studied  the  subject  of  the 
discharge  of  pancreatic  calculi  during  life.  The  decisive  evidence  of  pan- 
creatic  lithiasis  consists  in  the  presence  of  the  characteristic  concretions  in 
the  stools.  They  are  composed  chiefly  of  calcium  carbonate.  They  are 
extremely  rare — a  fact  due  in  part  to  the  small  size  of  the  calculi  and 
their  friability,  so  that  they  may  be  voided  in  fragments  or  particles  not 
easily  recognized. 

Intestinal  Concretions — Enteroliths.  —  Concretions  of  various  kinds 
occur  in  the  stools.  They  are  comparatively  rare.  The  following  forms  are 
encountered: 

1.  Hard  round  fecal  masses — scybala.  They  occur  in  chronic  consti- 
pation,  especially  in  elderly  people,  and  in  cases  in  which  after  abdom- 
inal  operation  partial  obstruction  of  the  bowel  occurs  as  the  result  of 
adhesions. 

2.  Enteroliths.  Earthy  concretions  are  sometimes  observed  in  the 
stools.  They  are  largely  composed  of  magnesium  phosphate,  the  alkaline 
carbonates,  and  organic  matter.  They  are  hard,  dense,  and  made  up  of  con- 
centric  layers  about  a  chalky  nucleus  that  very  often  surrounds  a  foi*eign 
body.  They  are  usually  oval  and  are  very  rarely,  when  several  are  present, 
faceted,  and  occur  in  early  and  middle  life. 

3.  Concretions  composed  of  vegetable  fibres  or  of  hairs  that  have 
been  8wallowed  are  light,  porous,  usually  of  irregular  shape,  and  frequently 
8how  upon  section  open  spaces  or  cavities  in  their  substance.  They  are 
sometimes  found  in  the  caecum  and  may  attain  the  size  of  an  orange.  They 
are  sometimes  made  up  of  the  insufficiently  ground  husks  of  oats  or  the 
capsules  of  small  fruits.  They  occur  more  commonly  in  early  life  and  in 
females. 

4.  Certain  drugs  and  similar  substances,  as  chaik,  magnesia,  bismuth, 
and  shellac,  when  taken  in  undue  quantities,  form  intestinal  concretions, 
whicb  appear  in  the  stools  and  reveal  their  true  nature  only  upon  chemical  * 
eocamination. 
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Intestinal  concretions  when  of  small  size  occasion  no  characteristie 
8ymptonis.  When  of  larger  size  they  may  be  arrested  at  a  point  of  stenosis 
of  the  bowel,  or  upon  the  occurrence  of  contraction  and  oedematous  8well- 
ing,  and  they  may  then  give  rise  to  the  symptom8  of  intestinal  obetmctioiL 
Large  concretions  are  usually  arrested  in  the  cacum,  in  the  colon,  or  in  the 
ampullse  of  the  rectum,  less  frequently  above  the  ileoca&cal  valve.  Obstruc- 
tion  in  the  upper  part  of  the  small  intestine  may  be  caused  by  concretions 
formed  in  the  stomach  or  by  gall-stones. 

Intestiiial  PArasites. — The  Ascaris  lumbricoides — round  irarm — and 
its  ova  are  frequently  found  in  the  stools  of  children  and  young  adults. 
Oxyuris  vermicularis — thre€ui'Wonn,  pin-tcorm — a  very  common  para- 
site,  infests  the  rectum  and  colon;  intestinal  cestodes — tape-worms — 
of  which  the  common  forms  are  the  Tcenia  aaginaia  or  mediocanellata, 
the  Tcenia  solium,  and  the  Boihriocephalus  latus,  show  themsdves  in  the 
stools  in  the  form  of  segments  or  proglottides,  and  their  ova  are  usually 
present  in  great  numbers  (seep.  254,  Vol.  H). 

Slouglis. — The  invaginated  portion  of  the  bowel  in  intussusception 
may  slough  ofF  en  maase  and  be  discharged  from  the  bowel-  Polypi  of  the 
intestine  or  rectum  may  also  become  detached  by  sloughing  and  be  dis- 
charged with  the  fsces.  Masses  of  necrotic  tissue  may  become  separated 
from  malignant  or  other  ulcerating  growths  in  the  intestine  and  he  dis- 
charged with  the  fseces.  They  are  to  be  distinguished  from  fragments  of 
undigested  meat.  The  intestinal  sloughs  in  enteric  fever  may  sometimes 
be  recognized  in  the  stools  and  are  often  mistaken  for  milk  curds. 

Foreign  Bodies. — The  most  diverse  articles  may  be  found  in  the  stools, 
having  been  swallowed  by  accident  or  design.  Small  articles  of  ali  kinds 
may  be  swalIowed  by  children,  idiots,  and  dements;  bird-seed  and  the  like 
by  hysterical  persons;  coins,  rings,  and  gems  by  professional  thieves; 
nails,  glass,  fragments  of  china,  etc,  by  fakirs,  and  such  articles  as  artificial 
teeth  or  even  a  clinical  thermometer  by  unconscious  persons,  and  ali  of 
these  things  have  been  voided  with  the  stools. 


XI. 

THE   SKIN;    PHYSIOLOGICAL  AND   PATHOLOGICAL   CHANGES 
AND  THEIR  SIGNIFICANCE;    (EDEMA;   SUPERFICIAL 
VASCULAR  CHANGES;  NAILS;  HAIR. 

THE  SKIN. 

Changes  in  the  skin  not  only  occur  as  manifestations  of  cutaneous  affec- 
tions  but  they  also  constitute  important  diagnostic  signs  of  diseases  of  the 
internal  organs.  The  methods  of  examination  are  inspection  and  palpation. 
The  clothing  is  to  be  so  arranged  as  to  facilitate  the  necessary  investigation. 

The  condition  of  the  skin  varies  within  physiological  limits  at  different 
periods  of  life  and  in  the  sexes.  In  infancy  and  childhood  the  skin  is  dis- 
tensible,  elastic  full,  of  fine  texture,  and  faint  roey  color.    The  capillarj 
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circulation  is  active,  pressure  causes  local  pallor  which  quickly  disappears. 
In  middle  life  the  skin  is  finer,  softer,  and  shows  more  physiological  tur- 
gescence  in  women  than  in  men.  With  advancing  age  the  skin  loses  its 
elasticity.  Partly  for  this  reason,  partly  on  account  of  the  diminished 
amount  of  subcutaneous  fat,  and  partly  because  of  the  larger  development 
of  connective  tissue,  wrinkles  develop.  The  skin  in  elderly  persons  is  paler 
and  more  abundantly  pigmented  than  in  the  young.  The  skin  of  very  fat 
persons  frequently  has  a  disagreeable  unctuous  feel;  it  may  be  firm  and 
tense  or  loose  and  flabby.  The  skin  is  sometim^  flabby  and  relaxed  in 
fat  babies  who  are  not  properly  fed.  In  the  cachexias  of  infancy,  such 
as  that  of  congenital  syphilis  or  marasmus^  the  skin  is  muddy,  loose, 
inelastic,  and  sometimes  wrinkled  like  that  of  old  men. 

Color. — The  normal  tint  of  the  skin,  the  so-called  flesh  color,  depends 
upon  the  blood  showing  through  the  upper  layers  of  the  integument  and 
the  epidermis.  The  changes  in  color  are  quantitative  and  qualitative, 
physiological  and  pathological.  Quantitative  changes  consist  in  varying 
degrees  of  color,  from  blushing  to  blanching.  They  are  best  observed  upon 
the  face.  On  the  other  hand  qualitative  changes  in  the  color  of  the  skin 
are  studied  best  upon  other  parts  of  the  body  where  the  flesh  color  is  paler 
and  less  variable.  The  mucous  membrane  of  the  conjunctiva,  lips,  and 
mouth  must  always  be  examined. 

Variations  in  the  flesh  color  depend  upon  the  amount  of  blood  in  the 
cutaneous  vessels,  the  amount  of  the  bloodrcoloring  matter,  that  is,  the 
percentage  of  haemoglobin,  and  the  thickness  of  the  tissues  covering  the 
vessels.  It  is  obvious  that  since  any  of  these  factors  may  vary  in  degree 
the  quantitative  changes  in  the  color  of  the  skin  do  not  always  have  the 
same  diagnostic  significance. 

Pailor. — The  skin  may  be  pale  by  reason  of  general  or  local  deficiency 
of  blood,  that  is  to  say,  in  consequence  of  ansmia  or  of  contraction  of  the 
capillaries.  The  various  for  ms  of  ana^mia  have  in  common  a  diminution 
in  the  coloring  matter  of  the  blood — oligochromcemia.  Pallor,  even 
when  persistent,  does  not  in  ali  instances  justify  a  diagnosis  of  ansemia, 
since  there  are  many  habitually  pale  persons  whose  blood  shows  upon 
examination  a  practically  normal  constitution  both  as  regards  the  erythro- 
cyte8  and  the  haemoglobin.  Many  such  individuals  present  no  symptoms 
of  constitutional  or  local  disease  and  regard  themselves  as  in  perfect  health. 
The  pallor  in  these  cases  is  due  to  an  abnormality  of  the  skin,  either  an 
unusual  opaqueness  of  the  superficial  layers  or  a  deficiency  in  the  blood 
8upply  or  a  combination  of  these  two  conditions.  If  the  conjunctival 
mucous  membrane  and  that  of  the  lips  and  mouth  present  a  normal 
appearance,  the  pallor  is  due  to  the  first  of  these  anomalies.  In  the  major- 
ity  of  instances,  however,  marked  and  persistent  pallor  is  associated  with 
other  evidences  of  more  or  less  decided  derangement  of  health.  Even 
under  these  circumstances  in  a  certain  proportion  of  the  cases  the  blood 
8bow8  no  abnormal  change.  Two  explanations  of  the  pallor  may  be  ad- 
vanced:  first,  a  reduction  in  the  total  quantity  of  the  blood,  which  never- 
theless  retains  its  constituent  elements  in  normal  proportion;  second,  that 
the  skin,  particularly  of  the  face,  as  the  result  of  abnormal  conditions  of 
the  circulation  receives  a  diminished  amount  of  blood.    Since  we  have  no 
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cliiiioal  inetlioil  of  dotorinining  the  total  voliime  of  blood  in  the  Int-iv.  ::.(* 
!irst  of  ihose  o\plaiiations  is  purelv  theoretical  aiul  without  {»rivriral 
applioaliiMi.  Tlir  sonuul  o.\j)lanation  fiiuls  support  in  the  constant  j^^^s^r..;.? 
of  oiluM"  svinptiMiis  iuilioativo  of  oirciilatorv  derangement^.  aiiii-ric  wr.:r:i 
aiv  a  .sinall  aiul  fivMo  piilso,  general  asthenia.  over-filling  of  :r.e  ?.;;"^r- 
lirial  voins.  si  i*:  hi  i*  v  a  nosiš,  faintness,  and  dizziness.  The  pan  j.-Iiye«i  :  v 
enfeoMenuMU  \^i  ihe  l\oart*s  aotion  on  the  one  hand  and  by  vai^;-::.v- ■.- 
doiauittMnonis  oi\  the  othor  cannot  in  ali  cases  l^ke  satisfactoniv  •.:e:^r::.:r.f-:. 
ro\\tMvJ.  l^KHsi-p:\*ssuiv  lioes  not  nece=<?arily  induce  pallor.  sir.ce  iz.  :':..< 
i'oiu;i!ii^n  tiio  !;i::'.on  o:'  the  peripheral  vessels  is  wi.iene'i  and  zi-Trir  e-r.:*-:.*«? 
i!U'.vaM\::   b:::  ^::*.v,i!v!sru\:  Mood-prt^ssi:re  cives  r:<e  :*•  ^aII«:T  wh«=-i.  '.':.^  ■::.>:" 
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Redness.  —  The  change  in  the  color  of  the  face  is  quantitative» 
It  is  due  to  two  causes:  first,  thinness  and  transparency  of  the  super- 
ficial  layers  of  the  integument;  second,  increased  fulness  of  the  capillaries 
—  hyper<Bmia.  An  abnormally  high  haemoglobin  percentage  cannot  of 
itself  be  regarded  as  a  cause  of  the  increased  redness  of  the  complexion. 
Whether  or  not  a  true  plethora  occurs  is  iindecided.  Physiologically  we 
find  the  redness  of  the  skin  of  the  face  greater  in  persons  who  live  in  the 
open  air  and  are  especially  exposed  to  sunlight  and  the  wind,  which  increase 
the  cutaneous  circulation.  An  abnormally  transparent  skin  is  the  evident 
cause  of  the  blooming  redness  of  the  cheeks  occasionally  seen  in  chlorotic 
girls—  chlorosis  Jforida.  Very  characteristic  in  these  cases  is  the  contrast 
between  the  color  of  the  skin  and  the  blue-white  conjunctivae.  Among  the 
phvsiological  causes  of  intensification  of  the  color  of  the  skin  are  powerful 
muscular  eflfort  and  the  action  of  external  heat,  as  in  hot  baths,  friction  of 
the  surface,  exposure  to  fire  or  heat,  radiation  from  other  sources,  sunburn 
and  the  like.  Extreme  cold  also  produces  cutaneous  hyperaemia  of  the  face. 
Habitual  exposure  to  heat  or  cold,  especially  when  associated  with  moist- 
ure,  causes  the  chronic  purplish  hyperaBmia  of  the  hands  frequently  seen 
in  washerworaen  and  bartenders  who  are  otherwise  in  good  health. 

Transient  reddening  of  the  skin  dependent  upon  vasoraotor  influences 
occurs  under  certain  psychic  influences,  especially  embarrassment  and 
shame.  The  reddening  of  the  skin  in  such  cases  is  not  restricted  to  the  face 
but  raay  spread  over  the  throat  and  even  the  upper  part  of  the  chest. 
In  these  latter  situations  it  may  be  irregularly  distributed  in  such  a  way 
as  to  give  rise  to  errors  in  diagnosis  as  regards  actual  disease  of  the  skin,  as 
erythema,  especially  in  sensitive  persons,  and  particularly  in  women  when 
it  is  necessary  to  remove  the  clothing  from  the  upper  part  of  the  body  for 
the  purposes  of  examination.  One-sided  flushing  of  the  face  occurs  in 
certain  forms  of  migraine  and  in  aflfections  of  the  cervical  sympathetic. 

In  addition  to  the  foregoing  facts  the  flushing  incident  to  pyrexia^ 
certain  infections,  and  the  action  of  drugs  deserves  attention. 

Fever. — The  flushing  of  the  skin  in  acute  febrile  conditions  is  very 
characteristic.  It  is  often  attended  with  slight  turgescence  and  sometimes 
with  a  tendency  to  sweat.  The  flush  of  fever  is  us\ially  widely  distrib- 
uted over  the  surface.  It  is  more  marked  in  young  persons  of  fair  com- 
plexion  than  in  older  persons  and  in  brunettes.  It  has  a  tendency  to 
localize  itself  in  the  cheeks  where  it  is  sometimes  circumscribed  or  unilateral, 
as  in  croupous  pneumonia.  Circ\imscribed  flushing  of  the  cheeks  in  persons 
otherwise  pallid  is  a  very  striking  phenomenon  in  the  hectic  fever  of  ad- 
vanced  phthisis.  In  children  the  fever  flush  is  sometimes  so  intense  as  to 
suggest  the  existence  of  erythema  or  scarlatina.  In  rare  instances  pyrexial 
flushing  occurs  during  the  first  week  of  enteric  fever,  especially  in  young 
persons  of  fair  skin,  and  may  be  so  marked  as  to  give  rise  for  a  tirne  to 
unoertainty  in  diagnosis. 

Tache  cMbrale  is  a  cutaneous  vasomotor  phenomenon  which  occurs 
e8pecially  in  young  persons  in  acute  febrile  aflfections,  as  cerebrospinal 
meningitis,  enteric  fever,  and  influenza,  in  certain  functional  nervous 
aflTections,  as  hysteria,  neurasthenia,  and  sometimes  in  organic  diseases  of 
the  brain  and  spinal  cord.     It  is  called  forth  by  slight  irritation  of  the 
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skin,  such  as  is  produced  by  tapping  with  the  finger-tip  or  draicing  the 
finger  or  a  pencil  smartly  o  ver  the  surface.  A  white  spot  or  line  appears 
and  is  shortly  foIlowed  by  a  bright  red  discoloration  which  persists  for 
several  minutes. 

Dermatographism, — This  condition,  closely  allied  to  the  above,  is  not 
uncommon  in  neurotic  persons,  particularly  in  those  who  suffer  from 
urticaria.  Wheals  may  be  produced  by  drawing  the  finger  or  a  pencil 
somewhat  firmly  over  the  surface.  Letters  and  other  8yinboIs  may  be 
brought  out  in  a  conspicuous  manner  and  often  last  for  several  hours. 
The  itching  characteristic  of  urticaria  does  not  occur. 

Drugs. — The  reddening  of  the  face  caused  by  alcohol  is  of  diagnoetic 
importance.  The  expression  "flushed  with  ii-ine"  is  significant.  The 
slightly  turgid,  purph*sh-red  face  of  chronic  alcoholism,  with  its  disteiided 
venules,  is  unfortunately  too  familiar.  The  flush  produced  by  the  nitrites 
and  especially  by  the  inhalation  of  amyl  nitrite  resembles  the  blushing  due 
to  psvchic  causes.  Flushing  of  the  face  foUow8  the  administration  of  cer- 
tain  poisons,  as  belladonna,  opium,  and  hyoscyamus. 

Cyanosi8. — This  term  is  used  to  design  ate  the  dusky  blue  or  purplish 
color  of  the  skin  dependent  upon  the  circulation  in  the  capillaries  of  blood 
abnormally  rich  in  carbon  dioxide  and  poor  in  oxygen.  Cyano6is  may  be 
general  or  local. 

General  ctanosis  is  dependent  upon  twofactors,  first,  deficient  oiv- 
genation  of  the  blood  in  the  lungs,  as  the  result  of  which  the  arterial  blood 
reaches  the  capillaries  containing  less  oxygen  and  darker  in  color  than 
normal;  second,  stasis  in  the  venous  radicals.  resulting  in  an  accumulation 
of  venous  blood  in  the  capillaries  of  the  skin,  which  by  the  retardation  in 
its  flow  becomes  richer  in  carbon  dioxide  and  darker  in  color.  Since  the 
conditions  are  universal  it  mav  be  assumed  that  the  bluish  discoloration 
exists  not  oni  v  in  the  skin  but  in  ali  the  tissues  of  the  body.  Onlv  in  its 
intense  forms  does  cvanosis  show  itself  in  ali  parts  of  the  surface.  Wli«i 
slight  it  appears  in  certain  parts  onlv  and  here  it  is  in  ali  instances  more 
intense  than  elsewhere.  These  regions  are  the  face  and  especiallj  the  cheeks, 
the  tip  of  the  noše,  the  ears,  lips  and  mucous  surface  of  the  mouth«  which 
have  an  especiallv  abundant  capillarj-  circulation  and  translucent  integu- 
ment.  Other  points  in  which  cvanosis  is  especiallv  manifest  are  the  hands 
and  feet.  particularlv  the  terminal  phalanges  and  the  nails,  in  which  blood 
stasis  is  favored  bv  their  remoteness  from  the  heart. 

The  primarv  derangement  mav  be  respiratorv  or  circulatorr.  The 
interdei)endence  of  the  respiration  and  circulation  is  such.  however,  that 
when  cvanosis  is  marked  there  is  general  derangement  of  both  in  varving 
prop(»rtion. 

Respiratory. — Ali  conditions  which  interfere  with  the  respiratorj 
function  and  thus  reduce  the  aeration  of  the  blood  mav  give  rise  to  cvanosis. 
The  v  are  comprised  in  four  groups: 

(a)  Ali  affections  which  interfere  with  the  access  of  air  to  the  vesicular 
structure  of  the  lungs.  such  as  retrophar>'ngeal  abscess.  stenosis  of  the  lairnz 
caused  by  pseudomembranous  exudate,  as  in  diphtheria,  oedema  d  the 
glottis.  pseudocroup,  larvngismus  stridulus«  pertasBis.  parmhrBiB  d  the 
abductor  muscles,  tumors  of  the  larynx,  foreign  bodi«  in  the  pliarynx. 
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larynx,  trachea;  or  bronchi,  aH  forms  of  stenosis  of  the  trachea,  including 
thyroid  enlargement  and  other  deep-seated  tumors  of  the  neck,  as  well 
as  mediastinal  and  other  intrathoracic  tumors,  strangulation,  bronchitis, 
and  bronchial  asthma. 

(b)  Aflfections  which  interfere  with  the  action  of  the  respiratory 
muscles,  including  paralvsis  and  atrophy  such  as  occur  in  bulbar  paralysis 
and  peripheral  neuritis;  spasmodic  contraction  of  these  muscles,  as  that  of 
tetanus  or  epilepsy;  painful  aflfections,  such  as  rayalgia,  pleurisy,  and 
peritonitis,  in  which  the  respiratory  movements  areinstinctively  restrained; 
finallv,  the  action  of  drugs,  such  as  opium  and  its  preparations,  which 
depress  the  respiratory  centres. 

(c)  Aflfections  which  diminish  the  respiratory  surface.  This  group 
includes  aH  forms  of  consolidation  of  the  lung,  croupous  pneumonia,  bron- 
chopneumonia,  including  tuberculous  infiltration  and  acute  miliary  tuber- 
culosis,  atelectasis,  pressure  atelectasis  from  pleural  and  pericardial  eflfusion 
and  pneumothorax.  In  emphysema  the  respiratory  surface  is  not  only 
greatly  restricted  but  its  functional  integrity  is  also  impaired. 

(d)  Conditions  in  which  respiratory  movements  are  restricted  and  the 
respiratory  surface  is  circumscribed  by  subdiaphragmatic  pressure,  as  in 
hydramnion,  enormous  ascites,  enlargement  of  the  liver  or  spleen,  or  mas- 
sive  abdominal  or  pelvic  tumors. 

Under  ali  these  circumstances  the  aeration  of  the  blood  in  the  lungs  is 
diminished  and  venous  stasis  is  favored  by  the  reduction  in  the  normal 
aspiratory  function  of  the  lungs  which  constitutes  an  important  factor  in 
the  circulation.  The  absence  of  cyanosis,  often  observed  in  advanced 
phthisis  with  extensive  destruction  of  the  lungs  and  very  limited  respira- 
tory  movement,  is  probably  due  to  the  great  wasting  of  the«body  and  corre- 
sponding  reduction  in  the  mass  of  the  blood,  to  the  aeration  of  which  the 
remaining  limited  vesicular  structure  is  stili  adequate.  Cyanosis  is  marked 
in  proportion  as  the  interference  with  respiration  is  rapid  and  urgent.  In 
chronic  cases  the  interference  may  reach  a  high  grade  without  ca\ising  cyan- 
osis  during  repose,  though  this  symptom  mav  appear  upon  slight  exertion. 

Circulatory, — Primary  derangements  of  circulation  which  cause  cyan- 
osis  may  be  referred  to  the  following  groups: 

(a)  Aflfections  of  the  heart  and  arteries,  including  valvular  disease  with 
impaired  or  ruptured  compensation,  myocarditis,  acute  dilatation  of  the 
heart,  the  cardiovascular  changes  which  occur  in  chronic  nephritis,  other 
forms  of  arteriosclerosis,  and  pericarditis. 

In  persistent  foramen  ovale  and  other  forms  of  cardiac  malformation, 
such  as  stenosis  of  the  pulmonary  arterv,  there  is  very  often  marked  and 
contin\ious  cyanosis.  To  this  condition  of  congenital  cyanosis  the  term 
morbus  ccerideus  has  been  given.  In  acquired  conditions  permitting  an 
admixture  of  venous  blood  with  arterial  within  the  vessels,  as  in  the  very 
rare  cases  of  aneurism  of  the  aorta  communicating  with  the  vena  cava, 
cyanosis  is  a  suggestive  symptom. 

(b)  Conditions  aflfecting  the  pulmonary  circulation.  In  disease  of  the 
mitral  valve,  both  stenosis  and  insufficiency,  even  when  compensation  is 
good  there  may  very  often  be  s^en,  especially  upon  exertion,  a  slight  degree 
of  cyanosi8.    This  is  a  manifestation  of  the  changes  caused  by  the  habitual 
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increase  of  tension  in  the  puImonary  circuit  and  the  bronchial  catarrh 
which  to  some  degree  is  almost  constantly  present.  Though  having  iu 
primarjr  cause  in  the  circulatory  apparatus  this  form  of  cyanosi8  must  be 
looked  upon  as  respiratory. 

Pressure  upon  the  pulmonary  artery  or  veins  by  massive  pericardial 
eflfusion,  mediastinal  tumor  or  aneurism  is  a  very  common  cause  of  eyanos]s. 
The  circulation  of  the  pulmonary  capillaries  is  obstructed  in  many  of  the 
conditions  involving  the  respiratory  apparatus  which  give  rise  to  cyano6iB. 

Blueness  of  the  general  surface,  very  often  intense,  is  produced  by 
overdoses  of  certain  of  the  coal-tar  derivati  ves,  especially  acetanilid,  by 
nitrobenzole,  and  by  poisoning  with  illurainating  gas. 

LocAL  cvANosis  results  from  venous  stasis,  from  compression  of  the 
part  or  from  venous  thrombosis.  Cyanosis  of  the  head  and  neck  or  an  upper 
extremity  may  result  from  the  pressure  of  a  tumor  or  aneurism  upon  the 
jugular,  subclavian,  innominate,  or  descending  cava,  the  distribution  of 
the  cyanosis  corresponding  with  the  point  of  pressure.  Similar  cyano6is  of 
one  or  both  lower  extremities  mav  result  from  pressure  involving  iliac  veins 
or  the  ascending  vena  cava  or  from  venous  thrombosis.  Local  venous 
thrombosis  giving  rise  to  cyanosis  of  an  arm  is  sometimes  seen  in  cancer 
of  the  breast  with  secondary  implication  of  the  axillary  glands. 

Cyanosis,  often  of  high  grade,  results  from  vasomotor  derangements. 
To  this  cause  must  be  referred  the  cyanotic  discoloration  of  the  extremities 
and  ears  which  follows  exposure  to  intense  cold,  the  cyanosis  of  paralyzed 
members,  and  the  bluish  discoloration  of  the  hands  which  occurs  in  hy8ter- 
ical  and  neurasthenic  persons.  In  the  latter  group  of  cases  the  local  cyano8i$ 
is  sometimes  associated  with  oedema — the  blue  cedema  of  French  authors. 

Local  cyanosis  is  seen  in  intense  inflammation  involving  the  skin. 

The  conditions  which  give  rise  to  cyanosi8,  namely,  retarded  circula- 
tion and  reduced  oxygenation,  interfere  with  the  local  production  of  animal 
heat.  In  cyanosis  the  skin  and  extremities  show  reduction  of  surface 
temperature. 

Jaundice — Icterus. 

These  terms  are  used  to  designate  the  peculiar  pathological  yellow 
discoloration  of  the  skin,  mucous  membranes,  and  fluids  of  the  body  eaused 
by  the  circulation  in  the  blood  of  bile  pigment.  The  change  is  qualitative. 
There  are  two  forms.  obstructive  and  toxffimic. 

Obstructive  Jaundice. — This  is  the  more  common  form.  The  dis- 
charge  of  bile  into  ihe  intestine  is  int^rfered  with  wholly  or  in  part  by 
stenosis  or  closure  of  the  bile  passages.  As  a  result  there  is  resorption  of 
the  bile,  the  pigments  of  which  discolor  the  tissues  in  shades  varying  from 
light  yellow  to  a  dark  brownish-yellow  or  olive-green.  The  darker  shades 
of  jaundice  result  either  from  change  of  the  original  bile  pigments  to  darker 
pigmentary  bodies  or  from  their  excessive  accumulation  in  the  skin.  The 
more  intense  and  darker  forms  of  jaundice  occur  in  protracted  cases.  In 
permanent  obstruction  the  color  may  be  greenish-black  or  bronse — the 
80-called  hlačk  jaundice. 

Among  the  more  important  causes  of  obstructive  jaundice  are  catarrhal 
inflammation  of  the  mucous  membrane  of  the  duodenum  or  the  common 


SVMPTOMS  AND  SIGNS:   SKIN.  547 

duct;  gall-stones  and  parasites,  as  the  round  worm,  in  the  ducts;  stricture  or 
obliteration  of  the  duct;  tumors  developing  in  the  duct  or  exerting  pressure 
upon  its  orifice:  external  pressure  upon  the  duct  by  tumors  of  the  liver, 
stomach,  pancreas,  kidney,  or  omentum,  or  by  enlarged  glands  in  the  porta, 
or  in  rare  instances  by  aneurism  or  fecal  accumulation. 

The  yellow  discoloration  is  observed  first  and,  when  slight,  only  in 
the  conjunctivse  and  the  mucous  membrane  of  the  mouth.  Its  presence 
may  be  detected  by  pressure  upon  the  mucous  meml)rane  of  the  everted 
lip  with  a  glass  slide,  thus  expressing  the  blood  and  permitting  the  yellow 
stain  of  the  tissues  to  become  apparent.  It  is  sometimes  distinct  at  certain 
pale  areas  of  the  hard  palate.  The  slighter  grades  of  icterus  cannot  be 
recognized  in  artificial  light.  Superficial  resemblances  to  jaundice  are  seen 
in  the  dirty  yellow  or  rauddy  discoloration  of  the  malarial  and  malignant 
cachexias.  In  these  conditions  the  absence  of  yellowness  in  the  conjunc- 
tival  and  oral  mucous  membranes  is  conclusive.  The  collections  of  yellow 
subconjunctival  fat  occasionally  seen  in  elderly  persons  are  onlv  in  the 
most  remote  way  suggestive  of  jaundice.  The  yellow  discoloration  which 
occurs  in  picric  acid  poisoning  presents  superficial  resemblances  to  jaun- 
dice.    The  absence  of  bile  pigment  in  the  urine  is  important. 

Pruritus  is  a  troublesome  symptom.  It  is  usually  more  marked  in  the 
chronic  cases.  Lesions  of  the  skin,  the  result  of  scratching,  are  not  uncom- 
mon.  Sweating  is  common  and  may  be  localized.  Urticaria,  furuncles, 
lichen,  xanthelasma,  and  other  diseases  of  the  skin  occur.  In  some  of  the 
chronic  cases  circumscribed  patches  of  dilatation  of  the  capillary  vessels 
and  minute  arteries — telangiectasis — develop  in  the  skin  of  the  face  and 
body  and  occasi6nally  upon  the  mucous  membranes.  In  protracted  and 
severe  cases  there  may  be  hemorrhages  into  the  skin,  usually  in  the  form 
of  purpuric  spots  upon  the  lower  extremitie8,  but  sometimes  as  large 
ecchymoses,  and  in  some  instances  spontaneous  bleeding  from  the  mucous 
membranes  occurs.  The  blood  in  chronic  jaundice  coagulates  very  slowly — 
ten  to  twelve  minutes,  instead  of  about  four  in  the  čase  of  normal  blood — 
and  troublesome  and  even  fatal  hemorrhage,  usually  in  the  form  of  uncon- 
trollable  capillary  oozing,  may  follow  operation  or  injury.  The  sweat  is 
bile-stained  and  discolors  the  clothing.  The  urine  contains  bile  pigment 
and  may  show  the  color  reaction  to  Gmelin's  test  before  the  yellow  tint 
appears  in  the  mucous  membranes  or  the  skin.  The  color  varies  from  light 
yellow  with  a  greenish  tinge  to  a  deeply  opaque  black-green.  In  intense  or 
long-standing  jaundice  the  urine  commonly  contains  albumin  and  tube 
casts  which  are  bile-stained.  Upon  agitation  the  dar  k  urine  of  jaundice  is 
frothy  and  is  often  popularly  compared  to  porter.  The  sputa  are  not  often 
bile-stained,  except  when  pneumonia  is  present.  On  the  other  hand  the 
šaliva  very  rarely  shows  the  yellow  discoloration,  which  is  likewise  absent 
in  the  tears  and  mil  k. 

As  no  bile  is  discharged  into  the  intestine  the  stools  are  of  a  pale  drab 
or  clay  color.  They  are  usually  pasty  and  very  fetid.  The  absence  of  bile 
in  the  fseces  is  of  importance  in  the  dilTerential  diagnosis  between  obstruc- 
ti  ve  and  toxsemic  jaundice.  Commonly  there  is  constipation;  occasionallv 
diarrhoea.  The  pulse,  in  obstructive  jaundice  especially,  in  reoent  cases  is 
ii8uaUy  8low  and  may  fall  to  30  or  lower.    The  frequency  of  the  respiration 
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is  also  diminished,  in  some  instances  to  10  or  8  per  minute.  The  tem- 
perature may  be  subnormal.  These  svmptoms  are  attributed  to  the 
action  of  the  biliary  salts,  which  undergo  resorption  together  with  the 
bile  pigment.  They  are  not  constant  and  w)ien  present  not  necessarilj 
unfavorable. 

The  patient  is  usually  depressed  and  irritable.  In  severe  cases  melan- 
cholia  may  develop.  The  Iiability  to  the  occurrence  of  the  condition  called 
cholaemia  constitutes  a  serious  danger  in  persistent  jaundice.  The  patient 
falls  into  the  so-called  typhoid  state,  with  fever,  rapid  pulse,  dry  tongue, 
and  muttering  delirium.  Convulsions  and  coma  develop  and  rapidly  prove 
fatal.  This  group  of  symptoms  resembles  uraemia.  They  have  been  attrib- 
uted to  poisoning  by  cholesterin — cholesteraemia.  The  toxic  substances 
have  not  been  determined. 

Tox£emic  Jaundice. — The  jaundice  is  associated  with  the  presence  of 
various  poisons  in  the  blood  which  act  directly  upon  the  red  blood-corpuscles 
and  in  some  cases  upon  the  liver-cells.  Among  these  poisons  are  (a)  snake 
venom,  phosphorus,  arsenic,  chloral  hydrate,  chloroform,  and  ether;  (b) 
toxins  elaborated  within  the  organism  in  the  course  of  the  specific  infec- 
tious  diseases,  as  yellow  fever,  relapsing  fever,  malaria,  pneumonia,  enteric 
fever,  typhus,  and  scarlatina;  (e)  thQ  toxins  of  septic  conditions,  pyaemia, 
malignant  endocarditis,  acute  yellow  atrophy  of  the  liver,  IVeirs  disease. 
and  epidemic  jaundice.  The  symptoms  are  generally  less  intense  than  in 
obstructive  jaundice.  The  discoloration  of  the  skin  is  usually  slight; 
exceptionally,  as  in  the  čase  of  acute  yellow  atrophy  and  malignant  jaun- 
dice, it  is  intense.  The  stools  are  colored  with  bile,  sometimes  deeplv. 
The  urine  may  be  dark  from  increase  in  the  normal  urinary  pigments  but 
gives  little  or  no  reaction  for  bile  pigment.  Toxic  jaundice  of  slight  degree 
frequently  appears  during  the  course  of  febrile  affections  and  under  other 
circumstances  and  may  be  without  unfavorable  prognostic  significance. 
On  the  other  hand  in  many  cases  the  conditions  in  which  this  form  of 
jaundice  occurs  are  attended  with  profound  constitutional  disturbance, 
manifest  in  intense  fever,  delirium,  suppression  of  urine,  hemorrhages  into 
the  skin  and  from  mucous  surfaces,  convulsions  and  coma,  and  verv  often 
terminate  in  death. 

The  jaundice  due  to  obstructive  changes  in  the  bile  passages  was 
formerly  spoken  of  as  hepatogenous;  toxa5mic  jaundice  as  hcBmatogenous. 
Concerning  the  mode  of  origin  of  toxaBmic  jaundice  there  is  much  diversitv 
of  opinion  and  the  cases  differ  among  themselves.  In  groups  of  cases  there 
is  probable  resorption  of  bile  pigments  from  the  liver  as  the  result  of  patho- 
logical  processes  involving  the  finer  ducts  or  the  liver  parenchyma  itself. 
Some  pathologists  attribute  the  icterus,  so  common  in  pneumonia,  to  a 
catarrh  of  the  finer  bile  passages  dependent  upon  venous  stasis,  while  others 
attribute  it  in  part  at  least  to  the  interference  with  the  respiratory  move- 
ment  of  the  diaphragm  caused  by  the  consolidation  of  the  iung,  and  result-. 
ing  in  an  accumulation  in  the  smaller  ducts  of  bile  which  undergoeB  resorp- 
tion. The  rapid  course  and  profound  disorganization  of  the  liver  in  acute 
atrophy  and  in  phosphorus  poisoning  suggest  the  possibility  that  other 
forms  of  grave  toxffimic  jaundice  may  be  due  to  as  yet  unIaiown  paren- 
chymatou8  changes  in  the  liver.    On  the  other  hand  moet  of  the  poisons 
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which  cause  icterus  exert  a  destructive  influence  iipon  the  erythrocytes. 
It  has  been  shown  experimentally,  however,  that  the  yellow  pigment  in 
poisoning  by  certain  substances,  as  toluylendiamine,  is  not  formed  in  the 
blood  but  in  the  liver,  the  haernoglobin  being  transformed  into  biliary 
pigment  in  that  organ.  As  a  result  of  this  transformation  the  bile  pigments 
accumulate  in  the  liver  in  such  quahtity  that  they  cannot  be  wholly  excreted, 
a  certain  portion  undergoing  resorption.  In  consequence  of  these  facts 
the  term  hcematohepatogenous  has  been  suggested  for  this  form  of 
jaundice.  In  the  present  state  of  knowledge  the  etiological  designation 
tox8Pmie  jaundice  is  to  be  preferred.  The  term  toxaBmic-obstructive  jaun- 
dice has  been  suggested  by  Hunter. 

Normal  and  Abnormal  Pigmentation — Melanoderma. — The  physiological 
pigmentation  of  the  skin  show8  wide  variations  not  only  in  diflferent  races 
but  in  different  individuals  of  the  same  race.  Among  the  fair-skinned  a 
blonde  and  a  brunette  type  are  recognized.  The  latter  is  characterized  by  a 
darker  color  of  the  hair,  skin,  and  iris.  Normally  the  skin  is  more  deeply  pig- 
mented  in  the  exposed  portions  of  the  body  to  which  the  light  and  air  have 
free  access  than  elsewhere;  upon  extensor  than  upon  flexor  surfaces  in 
the  region  of  the  joints;  and  about  the  nipples,  linea  alba,  and  genital  or- 
gans.  During  pregnancy  the  pigmentation  in  these  latter  situations  is 
greatly  increased,  especially  in  brunettes,  and  upon  the  face  and  in  other 
portions  of  the  body  there  are  oecasionaliy  seen  irregular,  abnormally  pig- 
mented  areas  known  as  chloasma  gravidarum — masque  des  femmes  enceintes. 
Patchy  pigmentation  of  the  skin  is  a  common  symptom  of  uterine  disease. 
In  sedentarv  persons  of  constipated  habit  irregular  patchy  pigmentation 
of  the  skin  is  common,  especiallv  about  the  face  and  eyes. 

Freckles  or  ephelides  are  another  physiological  pigmentation  of  the 
skin  without  diagnostic  importance.  The  pigmentation  appears  in  cir- 
cumscribed  spots  varying  from  one  to  several  millimetres  in  diameter, 
chiefly  upon  the  face,  but  also  in  other  parts  of  the  body,  especially  the 
backs  of  the  hands  and  arms.  They  are  more  common  in  fair  than  dark 
persons  and  are  almost  always  present  in  individuals  with  red  hair.  The 
spots  are  more  abundant  and  the  pigmentation  deeper  in  summer  than  in 
winter,  when  they  sometimes  wholly  disappear. 

The  pigmentation  following  measles  and  showing  the  characteristic 
form  and  arrangement  of  the  eruption  is  not  wholly  without  interest  to  the 
clinician,  and  the  localized  pigmentation  which  follows  the  application  of 
sinapisms  and  blisters  deserves  passing  mention. 

The  vagabond's  skin  is  a  term  applied  to  the  diflfuse  pigmentation 
resulting  from  lousiness  and  dirt  and  the  scratching  caused  by  these  condi- 
tions.  The  pigmentation  sometimes  reaches  a  very  high  grade.  It  may 
be  arranged  in  a  very  characteristic  manner  in  stripes  corresponding  to  the 
lines  of  scratching.  This  condition  has  been  confounded  with  the  pig- 
mentation of  Addison^s  disease. 

Melanosarcoma,  especially  when  generalized,  very  often  produces  a 
deep  and  widespread  cutaneous  pigmentation.  Under  these  circumstances 
in  exceptional  cases  the  urine  also  contains  abnormal  pigment. 

In  ADVANCED  PULMONART  TUBERCULOSis  a  striking  brownish  discol- 
oration  of  the  face  or  the  whole  body  is  sometimes  observed. 
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In  ABDOMiNAL  NEW  GRowTHS,  especially  cancer  or  lymphoma,  diffuse 
cutaneous  pigmentation  occasioiially  occurs.  It  is  not  uncommon  in  tuber- 
culosis  of  the  peritoneum. 

In  HiEMACHROMATosis,  siich  as  occuFs  in  hvpertrophic  cirrhosis,  dia- 
betes, and  other  conditions,  pigmentation  of  the  skin  may  be  present. 

ExoPHTHALMic  GoiTRE  niay  be  associated  with  abnormal  pigmentatioiL 

Gastric. — In  rare  instances  diffuse  pigmentation  attends  gastric  ulcer 
and  dilatation. 

In  scLERODERMA  cutaneous  pignfientation  may  be  general  and  of 
high  grade. 

Cardiac. — In  chronic  disease  of  the  heart  and  art^riosclerosis  diffuse 
pigmentation  may  occur. 

Addison^s  Disease. — The  bronze  discoloration  of  this  alTection  is 
clinically  the  most  important  form  of  abnormal  pigmentation  of  the  skin. 
It  usually  shows  itself  first  upon  exposed  surfaces,  as  the  hands  and  face, 
and  is  more  intense  in  those  regions  in  which  the  skin  is  nornially  more 
deeplv  colored  than  elsewhere.  It  begins  as  a  faint  smoke-gray  discolora- 
tion and  progressively  deepens  to  an  intense  bronze  or  mulatto  hue.  In 
the  diffuse  smoky  coloration  isolated  intense  dark  brown  points  niav  be 
distinguished.  The  grayish  pigment  patches  seen  upon  the  mueous  mem- 
brane of  the  mouth  are  characteristic  of  Addison's  disease.  The  palms  and 
soles  as  well  as  the  nails  commonly  remain  pigment  free.  The  discolora- 
tion of  Addison's  disease  may  suggest  intense  jaundice,  but  the  general 
condition,  the  yellow  staining  of  the  conjunetivae  and  the  mueous  mem- 
brane of  the  mouth,  and  the  presence  of  bile  pigment  in  the  urine  are  of 
positive  diagnostic  importance. 

IIepatic  Disease. — The  peculiar  discoloration  of  the  skin  occasion- 
ally  seen  in  cirrhosis  and  other  diseases  of  the  liver  demands  consideration. 
The  color  is  a  dirty  brownish-gray.  It  is  to  be  diflferentiated  from  icterus 
by  the  color  itself,  the  absence  of  staining  of  the  mueous  membranes,  and 
the  condition  of  the  urine.  This  pigmentation  is  of  especial  interest  in 
connection  with  the  bronzing  of  the  skin  that  occurs  in  certain  cases  of 
diabetes — diabbte  hronzč — developing  late  in  hsemachromatosis  and  asso- 
ciated with  pigmentary  cirrhosis  of  the  liver  and  pancreas.  The  color 
suggests  Addison's  disease,  but  the  presence  of  grape  sugar,  the  physical 
signs  of  hepatic  cirrhosis  without  jaundice,  and  the  absence  of  the  char- 
acteristic symptoms  of  Addison's  disease  are  of  diagnostic  importance. 

Arsenomelanosis. — The  pigmentation  of  the  skin  produced  by  the 
prolonged  administration  of  arsenic  in  full  doses  sometimes  presents  a  very 
close  resemblance  to  Addison^s  disease.  In  a  majority  of  the  cases  it 
entirely  disappears  when  the  drug  is  withheld;  exceptionaJly  it  is  persistent. 
It  is  important  to  know  that  in  some  instances  the  pigmentation  of  the  skin 
has  followed  the  use  of  arsenic  in  moderate  doses. 

Argtria. — The  prolonged  administration  of  silver  nitrate  results  in 
the  deposition  of  particles  of  metalHc  silver  or  its  albuminate  in  the  intemal 
organs  and  in  the  skin.  The  resulting  discoloration  is  a  peculiar  bluish- 
gray  which  is  more  intense  upon  the  face  and  hands  and  is  not  changed  by 
pressure.  The  discoloration  may  be  observed  in  the  mueous  membrane 
of  the  mouth.    It  is  persistent  and  not  amenable  to  treatment. 
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Albinism  is  a  term  used  to  designate  developmental  deficiency  of  pig- 
ment. In  albinos  the  skin,  hair,  and  eyes  are  conspicuous  by  the  absence 
of  pigment.  The  aflfection  may  be  partial  or  universal.  It  is  frequentl3'' 
associated  with  other  developmental  defects,  especially  coloboma.  Ny&- 
tagmus  is  common. 

ViTiLiGO  is  a  condition  of  the  skin  characterized  by  deficiency  of  pig- 
ment. The  patches  are  usually  circumscribed,  very  often  distinctly  margi- 
nate,  and  sometimes  surrounded  by  a  zone  of  pigmentation  slightly  deeper 
than  normal.  It  may  occur  on  any  part  of  the  body,  but  is  common  on  the 
back  of  the  neck  and  shoulders,  the  abdomen,  and  scrotum.  There  are  no 
subjective  symptoms.    It  occurs  in  adolescents  and  young  adults. 

Leucoderma  or  pigment  atrophy,  usually  circiimscribed  or  irregiilarly 
distributed,  is  encountered  in  exophthalmic  goitre,  myxcDdema,  sclero- 
derma,  and  other  constitutional  disturbances. 

Moisture. — There  are  wide  variationš  in  the  activity  of  the  sweat- 
glands  within  physiological  limits.  Perspiration  is  excited  by  those  causes 
which  determine  an  active  blood  siipply  to  the  skin.  It  is  therefore  more 
abundant  in  warm  weather,  after  exercise,  hot  baths,  and  hot  drinks.  An 
outburst  of  sweating  may  occur  in  connection  with  sudden  intense  emotion. 
A  pathological  increase  of  perspiration  is  termed  hyperidrosis;  its  absence 
anidrosis.  These  terms  are  commonly  used  to  designate  conditions  in  which 
the  increase  or  absence  are  persistent  or  habitual. 

l1yperidrosi8. — Free  perspiration  attends  certain  febrile  diseases, 
e8pecially  rheumatic  fever,  some  cases  of  enteric  fever,  acute  polyneuritis, 
miliary  fever,  and  septic  conditions.  A  critical  decline  of  fever,  whether 
spontaneous  or  the  result  of  the  administration  of  antipyretics,  is 
almost  always  attended  by  more  or  less  abundant  sweating.  Perspiration 
is  one  of  the  processes  by  which,  both  physiologically  and  pathologically, 
the  temperature  of  the  body  is  lovvered.  Profuse  sweating  attends  the 
crisis  in  pneumonia,  relapsing  fever,  and  typhus.  Sweating  is  often  abund- 
ant toward  the  close  of  enteric  fever  when  tlie  temperature  curve  assumes 
a  distinctly  remittent  or  intermittent  tvpe.  The  fall  of  temperature  in  the 
ague  paroxysm  is  almost  always  attended  with  copious  sweating.  That 
of  the  hectic  fever  of  phthisis  and  other  wasting  diseases  usually  occurs 
during  the  night  or  toward  morning.  It  is  attended  with  abundant  sweat- 
ing  —  night'8weat8  —  and  is  of  unfavorablo  prognostic  significance.  Pro- 
fuse sweating  occurs  in  some  cases  of  phthisis  in  the  absence  of  fever. 
Sudden  abundant  sweats  are  accompanied  by  sensations  of  great  weaknes3 
and  prostration  which  are  in  part  due  to  the  relaxation  of  the  vessels  fol- 
lowing  the  sudden  withdrawal  of  fluid.  Excessive  sweating  occurs  in  the 
convalescence  from  some  diseases.  It  occurs  in  collapse,  urgent  dyspnoea, 
and  sometimes  accompanies  severe  paroxysms  of  pain.  In  rare  instances 
of  diabetes  abundant  perspirations  have  alternated  with  polyuria.  In- 
crea*«ed  sweating  sometimes  attends  the  suppression  of  urine  that  occurs 
in  certain  forms  of  nephritis.  Under  these  circumstances  crystals  of  urea 
may  accumulate  upon  the  skin  and  especially  upon  the  face. 

liOcalized  sweating  is  not  unoommon  in  pathological  conditions. 
Hyperidrosis  of  the  hands  and  feet  orcasionallv  occurs  in  neurotic  individu- 
ab  and  sometimes  in  persons  otherwise  healthy.     The  condition  is  very 
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anhojang.  The  sweat  is  nsually  copious  and  foiil-smelUng.  Axillary  sveat- 
ing  :s  an  annoying  constitutional  peculiarity.  Sweating  of  the  hea(i. 
e8pecially  during  sleep,  is  an  important  symptora  in  rickets.  Unilateral 
sweating  of  the  head  or  face  occurs  in  certain  nervous  diseases,  as  migraine 
and  neuralgia,  and  may  result  from  pressure  upon  the  svmpathetic  by  a 
thoracic  aneurism  or  mediastinal  tumor.  Localized  8weating  depends 
upon  vasomotor  derangements.  Diaphoresis  follows  the  administration 
of  certain  drugs,  especially  ammonium  acetate,  pilocarpine,  and  manv  of 
the  coal-tar  derivatives. 

Anidrosis. — Abnormal  dryness  of  the  skin  occurs  under  conditions  in 
which  an  excess  of  fluid  is  withdrawn  from  the  body  by  way  of  its  intemal 
surfaces,  or  very  little  water  reaches  the  blood  by  way  of  the  gastro-intes- 
tinal  tract — for  example,  profuse  diarrhcea,  continuous  vomiting,  dial)eles 
mellitus  and  insipidus,  chronic  nephritis  with  polyuria,  and  the  deprivation 
of  fluid.  The  dry  skin  of  myxcrdema  and  general  anasarca  is  largely  attrib- 
utable  to  the  interference  with  the  cutaneous  circulation  resulting  from 
tension. 

Modifications  in  the  Perspiration. — Perspiration  when  abundant  usuallv 
has  a  peculiap  acid  odor.  That  in  rheumatic  fever  is  acid  and  ill- 
smelling;  the  sweat  of  the  hands,  feet,  and  axilla  is  almost  alway8  foul; 
that  in  certain  forms  of  nephritis  has  a  urinous  odor.  The  8weat  may  be 
discolored — chro77iidrosis — yellow  from  biliary  pigments  in  jaundice;  blue 
from  the  action  of  the  Bacillus  pyocyaneus.  There  are  instances  recorded 
of  the  sweating  of  a  blood-stained  fluid  or  blood  in  hysterical  females — 
hcematidrosis — and  there  exists  a  term — menidrosis — to  describe  vicarious 
menstruation  by  way  of  the  skin.  These  conditions  are  of  no  importance 
in  diagnosis.  Various  colored  perspiration-stains  upon  the  linen  are  not  to 
be  mistaken  for  instances  of  chromidrosis.  It  may  prevent  error  to  call 
attention  to  the  fact  that  some  of  the  aniline  dye8  undergo  more  or  less 
marked  changes  in  color  under  the  action  of  perspiration. 

Fulness  of  the  Skin — Turgor. — The  normal  appearance  of  fulness 
of  the  skin  is  due  to  the  blood  and  lymph  in  its  vascular  and  lymph  spaees. 
It  varies  in  different  individuals  and  in  diflferent  parts  of  the  body,  and  is 
more  pronounced  in  females.  In  connection  with  an  abundant  panniculus 
it  has  much  to  do  in  causing  the  condition  described  by  the  French  as 
emhonpoint.  Increased  fulness  of  the  skin  is  scen  in  fever  and  other  con- 
ditions attended  by  active  cutaneous  circulation;  decreased  fulness  in  ali 
conditions  in  which  the  cutaneous  circulation  is  diminished  without  stasiSr 
particularly  in  emaciation,  the  cachexias,  and  under  the  deprivation  of 
fluid.  Increased  fulness  is  manifested  by  rounding  of  the  contours,  espe- 
cially  those  of  the  face,  and  usually  by  a  deeper  color  of  the  skin,  while 
diminished  fulness  produces  accentuation  of  the  angles  and  is  usuallv 
associated  with  more  or  less  pallor.  In  the  former  condition  the  skin  is 
smooth,  soft,  and  elastic;  when  pinched  up  into  folds  it  rapidly  reassumes 
its  normal  surface.  In  the  luttcr  such  folds  only  slowly  disappear.  Normal 
fulness  or  turgor  is  to  be  distinguished  from  opdema  and  anasarca  by  the 
pathological  amount  of  fluid  in  the  skin  in  the  latter,  the  loss  of  the  normal 
cutaneous  elasticitv,  and  by  the  persistence  of  the  pitting  made  by  pressure 
of  tho  finger.    The  difference  between  "looking  weir'  and  ''looking  bad" 
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ver?  often  depends  upon  slight  transient  variationa  in  the  normal  fulness 

of  the  face.  which  is  dimimshed  in  conditions  of  exhaustion  and  depresslon 

arid  increased  after  repose  aad  in  pleasur- 

able  excitement.     The  turgor  of  the  skin 

18  usuaily  increased  in  exophtha)mic  goitre. 

Greatly  diminished  fuines?  of  the  skin  such 

as  occurs  in  ileus,  peritonitis,  cholera,  .and 

some  cases  of  shock,  and  which  precedea 

death,  givea  rise  to  the  facies  Hippocratica 

seen  in  these  conditions. 

<Edenia — Dropsy. — An  abnormal  accu- 
mulation  of  serous  fluid  cnllects  in  the  lymph 

spaces  of  the  skin  and  the  subcutaneous  Fro.  aoia.— CEdemijn  ehrei 
connective  tissue  as  the  result  of  a  disturb- 
ance  of  the  balance  between  the  fluid  which  transudes  from  the  capillariesand 
that  which  is  taken  up  by  the  lymphatics.  This  disturbance  of  balance  may 
be  due  to  (a)  venous  obstruction, 


'  exhaustion  and  depresslon 

M 


(b)  altered  condition  of  the  blood 
—  hijdreemia,   (c)   inflammation, 
and  (d)  cedema  of  nervous  ori- 
gin.    The  diagnostic  significance 
of    (Edem a    depends    upon    ita 
location,  extent,   and    mode  of 
development  and  its  causal  rela- 
tions  to  local  or  constitiitional 
diseases.    General  cedema  is  de- 
Bcribed  under  the  term  anasarca. 
The  skin  is  distended  and  the 
normal  surface  landmarks  oblit- 
erated.    When  cedema  is  marked 
the  surface  is  tense,  pallid,  and 
glistening.       In    rapidly   devel- 
oping  recent  tedema   it    haa  a 
translucent  appearance.     In 
some  aurfaces,  especially   upon 
the  abdomen  and  thighs,  trans- 
parent  parallel   stripes    appear, 
similar   to    those   seen    on   the 
abdomen  in  pregnancy.     These 
are  due  to  the  collection  of  the 
fluid  in  the  lines  of  separation 
of  the  distended   tisaues  or  in 
the  enlarged  lymphatic  spaces. 
Thev    usually    disappear    upon 
the  subsidence    of   the  cedema 
««.<.n.u  ..t.q......  without  leaving  traces.     Occa- 

8ionfdly  they  leave  permanent  irregular  linear  acara.  In  cedema  o/ 
bigh  grade,  especially  under  the  infliience  of  irritation  or  elight  trau- 
matum  of  the  akln,  blebs  may  form  upon  the  epidermis  which  rupture 
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and  are  followed  by  the  discharge  of  serous  fliiid.  OccaaionalIy,  espe- 
cially  upon  the  lega  and  ankles,  transudation  of  the  fluid  takes  plače 
through  minute  openings  of  the  skin  witliout  bleb  formation.  Under 
these  circiimstances  infectiou  may  occur,  giving  rise  to  erysipelatoug 
or  other  inflamoiation.  The  pale  color  of  the  skin  in  cedema  is  caused 
by  diminished  cap!llary  circulation  froni  compression.  The  oedematoua 
parts  are  sometimes  cyano3ed  and  in  inflammatory  cedema  the  skin 
is  reddened. 

The  normal  elasticity  of  the  skin  is  impaired  by  tension  and  the  inhibi- 
tion  of  fluid,  Presaure  upon  the  cedematous  part  gives  rise  to  pitting  which 
only  filowly  disappears.  Where  the  skin  is  norinally  distensible  and  elastic 
the  pitting  is  more  tranaient.     Thia  is  especially  the  čase  in  chlldren.    In 


moderate  cedema  of  !ong  standing  a  gradual  increase  in  the  subcutaneoits 
connective  tissue  develops  and  pitting  ie  less  marked  and  more  tranaient 

(a)  Venous  Obstmction.^Factors  in  the  production  of  fhis  form  of 
(Edema  are  diminished  general  muscular  activity,  impaired  pumping  actioD 
of  the  organa  of  respiration,  diminution  of  the  aspiratorv  force  of  the  heart 
in  diastole  and  positive  pressure  on  the  veins.  Coineidently  the  retum 
flow  of  the  lymph  which  is  brought  about  by  the  same  forces  that  maintain 
the  venous  circulation  is  impeded.  Thia  form  of  dropsy  is  frequently  asso- 
ciated  with  effusion  into  the  great  serous  sacs.  The  fluid  which  collects  is 
clear,  usually  colorlees,  of  low  specific  gravitv,  fibrin  free,  and  contains  a 
BHghtly  smaller  amount  of  proteids  thaii  the  blood-serum.  It  is  to  be 
distinguished  from  an  inf)ammatory  exudate  which  is  often  turbid,  some- 
times bloody,  of  high  specific  gravity,  and  usnally  contains  masses  of  fibrin. 
Changes  in  the  tiesues  and  particularly  in  the  endothelium  of  the  lymph- 
Bpaces  also  play  an  importaut  part  in  cedema-formation — so-called  "vital 
8ecretory"  processes. 

The  eoUectioii  of  serous  fluid  in  the  perieardium  ia  known  as  kydropeH' 
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eardium,  ia  the  pleural  cavity  as  hydrothorax,  in  the  perUoneal  cavity  as 
hydroperHoneum  or  asciles,  in  the  brain  as  hydrocepkaius,  in  the  joints  as 
hydrarthrosis.  Anv  of  the  affections  of  the  heart  and  lungs  which,  by  inter- 
feriag  with  the  return  of  the  venoua  blood,  cause  cvanosis  may  also  cause 
<Edema.  Cyanosis  and  cedema  are  therefore  frequently  aasociated.  Thia 
form  of  cedema  appears  earliest  and  reaches  its  fullest  development  in  those 
regiona  in  which  the  circulation,  by  reason  of  reinoteness  fiom  the  heait 
and  the  influence  of  gravity,  is  less  active,  as  ia  the  extreinitie3  and  the 
Jumbar  regiona  and  other  dependent 
portions  in  bedridden  patients.  The 
face  at  first  is  free  and  becomes 
<edeniatons  only  when  the  anasarca 
reaches  a  bigh  grade.  Gravity  ptays 
an  important  part  in  the  localization 
of  the  cedema.  (Edema  of  the  legs 
and  feet  while  the  patient  ie  in  the 
upright  position  may  alternate  witb 
cedema  of  the  back  and  thighs  when 
he  is  in  the  recumb<'nt  posture.  The 
patient  who  is  appareQtly  free  from 
<Bdema  while  in  bed  may  shovv 
cedema  of  the  feet  and  anklea  whea 
he  first  rises.  In  prolonged  main- 
tenanee  of  the  lateral  decul>itus  the 
cedema  is  more  marked  upon  the  de- 
pendent side.  In  anasarca  of  high 
grade,  partly  on  accoiint  of  their 
dependent  position  and  partly  on  ac- 
count  of  the  diatensibiiitvof  the  skin, 
the  penia  and  scrotum  and  the  labia 
majora  become  enormously  svvallen. 

Local  cedema  may  be  diie  to 
the  obatruction  of  a  venous  trunk  by 
thrombosis  or  pressure.  (Edema  of 
the  arm  from  the  pressure  of  enlarged 

axiUary  IymphaticB  upon  tlie  veins,  *™t^^;7^mri"u^^i^'V!^"r'riiIk"i«'S'u>j^ 
and  the  tedema  of  the  leg  in  throm- 
bosis of  the  femoral  vein  are  familiar  example!S.  Obstriictive  (rdoma  of  the 
Iower  extremities  is  frequently  8econciary  to  peritoneal  effusion,  siich  as 
reeulta  from  cirrhosis  or  portal  thrombosis  or  from  chronic  peritonitis, 
The  accumulation  of  the  fliiid  presses  upon  the  infcrior  vena  cnva  or  the 
common  Jliac  veins.  In  other  eascs  the  (cdenm  of  the  Unver  extrpmifiea 
and  the  peritoneal  effusion  are  due  to  the  sanic  cause.  \Vhen,  upon  investi- 
gation,  the  signs  of  peritoneal  effusion  are  found  to  havc  preceded  the 
oedema  of  the  limba,  the  latter  condition  is  usuallv  secondarv. 

(h)  Altered  Cohdttloa  of  the  Blood — HydrsniU. — ^A  watery  condition  of 
tbe  blood  is  a  common  cause  of  miema  and  other  fornis  of  <lriipsy.  To  this 
condition  mav  be  referred  those  forms  of  trdema  which  occur  in  nephritis, 
ohronic  wa8tiDg  diseases,  the  ansmias,-  and  cacK«x\Ba.    ^i^V  mVtc.^jf^^^O^^ 
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ajssociated  cardiovascular  disorclers  are  present  which  interfere  with  the 
venous  circulation,  and  in  cuch  cases  the  oedema  from  venous  obstruction 
and  the  oedema  of  hydrsemia  are  combined.  This  form  of  oedema  differs 
markedlv  from  the  oedema  of  venous  obstruction  in  its  early  localization, 
which  is  dependent  much  less  upon  remoteness  from  the  heart  and  the  action 
of  gravity  and  much  more  upon  the  peculiarities  of  the  lymph  stnictures. 
It  is  characteristic  of  the  oedema  of  certain  forms  of  nephritis  that  it  first 
appears  in  the  face  and  especially  about  the  eyelids.  With  this  early  cedema 
of  the  face  pretibial  oedema  is  often  associated  and  is  sometimes  present 
in  cases  of  nephritis,  especially  the  chronic  interstitial  forms  in  which  facial 
oedema  is  slight  or  absent  altogether.  The  CBdema  of  acute  nephritis  often 
develops  rapidly  and  reaches  a  very  high  grade.  Not  infrequently  it  b 
associated  with  effusion  into  the  serous  sacs.  In  that  form  of  nephritis 
characterized  by  contraction  of  the  kidney  oedema  is  very  often  slight  in 
amount  and  a  late  manifestation,  first  showing  itself  when  the  hyper- 
trophied  heart  begins  to  fail.  In  the  subacute  and  chronic  forms  of  paren- 
chymatous  nephritis  the  oedema  is  usually  moderate,  showing,  however. 
temporary  increases  which  accompany  exacerbations  of  the  disease.  In 
the  hydraemia  resulting  from  large  or  frequently  repeated  hemorrhage, 
oedema  is  often  pronounced.  (Edema  of  the  feet  and  anldes  is  a  verv 
.  unfavorable  8ymptom  in  pulmonary  consumption.  Occurring  in  the  ab- 
sence  of  renal  disease  or  especially  in  the  absence  of  conditions  giving  rise 
to  venous  obstruction  it  is  commonly  an  indication  of  approaching  death. 

(c)  Inflaininatory  (Edema. — The  local  oedema  in  the  region  of  in- 
flamraatory  and  suppurative  processes  is  of  diagnostic  importance.  It 
is  sometimes  known  as  collateral  oedema.  The  color  of  the  surface 
varies  from  a  faint  blush  to  a  deep,  mottled,  cyanotic,  purplish  red. 
It  is  due  to  obstruction  of  the  lymph  circulation  by  the  inflammatorv 
exudate.  In  some  instances  it  appears  to  be  caused  by  an  accumulation 
of  the  fluid  part  of  the  exudate  in  the  tissues  surrounding  the  inflammatorv 
focus.  It  occurs  in  the  region  behind  the  ear  in  mastoid  disease;  about  the 
angle  of  the  jaw  in  mumps  and  parotid  bubo;  at  the  base  of  the  thorax  in 
empvema.  It  is  an  important  sign  of  hepatic  abscess,  acute  suppurative 
gall-bladder  disease,  and  is  sometimes  seen  in  the  right  lower  quadrant  of 
the  abdomen  in  appendicular  abscess.  It  constitutes  the  so-called  coHar 
of  bravvn  in  severe  anginose  scarlatina. 

(d)  (Edema  of  Nervous  Origin. — The  rare  cases  of  sudden  transitory 
oedema  of  the  face  and  neck,  sometimes  associated  with  symptoms  of  oedema 
of  the  respiratory  or  gastro-intestinal  mucous  membranes,  m  ust  be  ascribed 
to  angioneurotic  derangements.  The  niechanism  which  causes  it  remains 
unknown.  The  condition  kno\vn  as  angioneurotic  oedema  is  characterized 
by  the  sudden  occurrence  of  local  oedematous  swellings  of  transient  duration 
upon  the  face,  hands,  and  elsc\vhere.  Forms  of  localized  oedema,  described 
under  the  term  giant  urticaria,  are  of  angioneurotic  origin.  The  acute 
a»dema  associated  with  urticaria  and  gastro-intestinal  crises  which  occurs 
in  severe  purpura,  and  the  cases  of  oedematous  swelling*  and  tumefaction  of 
the  whole  arm  upon  exertion,  are  to  be  referred  to  this  group.  The  local 
oedema  occurring  as  a  8ymptom  in  peripheral  multiple  neuritis  and  the 
oedema  of  beriberi  are  probably  of  nervous  origin,  as  is  hysterical  oedema. 
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(e)  CEdema  due  to  Other  Causes. — CBdema  neonatorum  is  a  rare  condi- 
tion  sometimes  confused  with  sclerema,  from  which,  however,  it  is  patho- 
togically  distinct.  It  is  encountered  in  feeble  infants,  especially  those  born 
prematurely  or  exposed  to  cold  after  birth.  Cases  of  hereditary  oedema 
have  been  described.  The  oedema  is  congenital  and  persistent;  it  involves 
one  or  both  legs  and  is  dense  and  inelastic.  It  shows  no  disposition  to 
increase  and  is  unattended  by  special  inconvenience. 

The  cedema  which  occurs  in  trichiniasis  is  of  diagnostic  importance. 
It  appears  in  the  f ace  and  over  the  affected  muscles,  and  undergoes  remark- 
able  fluctuations  in  degree  during  the  course  of  the  disease. 

General  CBdema  in  the  absence  of  nephritis  is  not  infrequently  observed 
in  certain  of  the  infectious  diseases,  as  scarlet  fever  and  diphtheria;  it  may 
follow  the  therapeutic  injection  of  the  diflferent  sera  and  in  some  instances 
the  administration  of  potassium  iodide.  Slight  oedema  of  the  feet  and 
ankles — a  mere  puffiness — is  not  uncommon  in  individuals  otherwise 
healthy,  after  prolonged  standing  or  walking  or  aft«r  forced  marches. 

Lymplicedeiiia. — The  transudation  of  lymph  through  the  walls  of  the 
lymphatic  vessels,  or  distention  of  the  lymph  spaces  from  mechanical 
obstruction,  may  cause  great  swelling,  which  is  usually  local  or  confined  to 
a  single  limb.  It  results  from  pressure  upon,  or  internal  occlusion  of,  a 
lymph-vessel  and  is  seen  in  the  lymph  scrotum  and  certain  forms  of  elephan- 
tiasis  caused  by  the  Filaria  sanguinis  hominis  and  accompanied  by  chyluria. 
Lymphoedema  involving  a  member — macromelia — sometimes  occurs  in 
lymphadenoma.  This  form  differs  from  ordinary  oedema  by  its  greater 
firmness  and  brawniness — a  very  important  point  in  diflferential  diagnosis. 

It  is  of  diagnostic  importance  to  recognize  the  distinction  between 
the  various  forms  of  cedema  and  myxcDdema — an  affection  of  the  thvroid 
gland  characterized  by  swelling  of  the  skin,  eyelids,  and  other  parts  of  the 
body,  due  to  the  deposition  in  the  skin  and  subcutaneous  tissues  of  a  mucin- 
ous  material.  The  skin  is  dry,  rough,  and  swollen,  but  firm  and  inelastic, 
and  does  not  pit  on  pressure. 

Certain  connective-tissue  dvstrophies  present  a  superficial  resemblance 
to  localized  oedema.  The  swellings  usually  involve  the  outer  or  posterior 
aspecjl^  of  the  extremities,  but  may  appear  at  various  parts  of  the  trunk. 
They  are  to  be  diflferentiated  from  oedema  by  their  localization,  the  absence 
of  pitting  upon  pressure,  and  by  other  appearances  of  the  skin  characteristic 
of  oedema. 

Scleroderma,  a  brawny  induration  of  the  skin,  in  some  instances 
suggests  chronic  oedema.  Two  forms  are  recognized,  the  circumscribcd 
and  the  diflfuse  in  which  large  areas  are  involved.  The  skin  is  brawny, 
hard,  and  inelastic.  When  circumscribcd  the  patches  are  irregularlv  oval 
and  vary  in  diameter;  they  may  be  as  large  as  the  hand.  Thev  are  preceded 
by  hypersemia  of  the  skin.  The  disease  is  more  conimon  in  women  than  in 
men  and  frequently  shows  itself  about  the  neck  and  breasts.  The  diffuse 
form  involves  the  extremities  and  face.  The  skin  is  hard  and  firm  with 
stifiFness  and  tension.  It  is  adherent  to  the  underlying  tissues  and  cannot 
be  pinehed  up  into  folds.  There  is  impairment  of  movement.  Very  often 
there  are  vasomotor  disturbances  with  cyanosis.  Pigment  alterations  are 
frequent — both  melanoderma  and  leucoderma. 
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Sclerema  neonatorum  is  a  rare  disease  of  the  new-bom  in  which  the 
skin  rapidly  assumes  the  clinical  appearance  of  scleroderma.  It  is  i]sually 
fatal.  It  presents  superficial  points  of  resemblance  to  cBdema  neonatorum, 
from  which  it  is  to  be  distinguished  by  the  complete  absence  of  the 
ordinary  signs  of  anasarca. 

Scurvy  sclerosis — a  deep  brawny  infiltration  of  the  subcutaneous  tissues 
and  muscles,  with  hemorrhagic  discoloration  of  the  overlying  skin — fre- 
quently  seen  on  the  calves  of  the  legs,  is  not  to  be  confounded  with  cedema, 
although  it  is  very  often  associated  with  it. 

Subcutaneous  Emphysema. — The  presence  of  gas,  U8ually  air,  in  the 
meshes  of  the  subcutaneous  tissue  gives  rise  to  8welling  and  puffiness  of 
the  surface  which  may  be  either  general  or  local.  The  appearance  is  not 
unlike  that  of  oedema,  but  upon  palpation  a  peculiar  crackling  is  to  be  felt 
and  heard,  due  to  the  displacement  of  bubbles  of  air  in  the  tissues.  The 
surface  resistance  is  lower  than  normal  and  pitting  from  pressure  does  not 
occur.  Upon  percussion  the  sound  is  tympanitic.  The  skin  is  pale  and  has 
a  distended  appearance.  In  very  rare  cases  subcutaneous  emphy8ema  is 
due  to  the  presence  of  aerogenous  bacteria — Bacillus  aerogenes  capsulatus— 
and  allied  organisms.  This  gaseous  and  necrotic  oedema  occurs  in  senous 
wound  infection  and  may  extensively  involve  the  subcutaneous  tissues  of 
the  body.  The  infection  mav  proceed  from  the  uterus,  gastro-intestinal 
canal,  or  respiratory  tract.  Analogous  to  this  condition  is  the  subcutaneous 
emphysema  of  mah'gnant  oedema.    It  is  sometimes  associated  with  tetanus. 

In  the  greater  number  of  cases  the  air  finds  its  way  under  the  skin 
through  an  external  wound  or  through  the  ulceration  or  laceration  of  some 
air-containing  organ.  Subcutaneous  emphysema  is,  therefore,  an  accident 
of  carcinomatous  or  other  ulceration  of  the  oesophagus,  of  diseases  attended 
by  violent  paroxysnial  cough  by  which  the  alveolar  tissue  is  mechanically 
torn,  or  occa.sionally  of  the  after-treatment  of  tracheotomy,  the  air  being 
forced  into  the  subcutaneous  tissues  by  efforts  of  cough.  The  air  usually 
accumulates  about  the  root  of  the  neck  and  over  the  manubrium.  It  may 
in  vade  the  tissues  underlying  the  skin  very  extensively  and  sometimes  in- 
volves  the  greater  part  of  the  bo(ly.    As  a  rule  it  undergoes  rapid  resorption. 

Cutaneous  hemorrhages  appear  as  spots  or  streaks  of  varying.size, 
at  first  red,  but  quickly  becoming  darker.  Small  hemorrhages — pelechia — 
frequently  have  their  origin  in  the  hair  foUicles.  Larger  hemorrhages — 
ecchprnoses — are  diffuse.  Hemorrhages  arranged  in  the  skin  in  the  form 
of  lines  and  streaks  are  called  vihices,  The  term  suggillation  is  sometimes 
used  to  describe  the  ecchymosis  following  a  bruise.  Hcematoma  is  a  tumor 
containing  eflfused  blood.  Cutaneous  hemorrhages  may  occur  upon  anv 
part  of  the  body,  but  when  due  to  constitutional  disease  they  are  more 
abundant  upon  the  lower  extremities.  In  consequence  of  transformations 
in  the  haemoglobin  the  color  during  resorption  undergoes  progressive  changes 
to  blue,  green,  and  yellow,  and  graduallv  fades.  The  appearance  and  dis- 
tribution  of  petechi®  is  characteristic  of  cutaneous  hemorrhage.  They  are 
not  usually  elevated  above  the  skin.  Occasionally  in  purpura  there  are 
vesicular  points  distended  with  blood.  In  doubtful  cases  cutaneous  hem- 
orrhages may  be  distinguished  from  local  hypersemia  or  ersrthema  by  the 
fACt  that  they  do  not  disappear  when  the  skin  is  made  tense  by  traction 
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upon  it  of  the  thumb  and  finger  or  by  pressure  with  a  glass  slide.  In 
local  hyper8Bniia  the  spot  of  redness  disappears;  in  hemorrhage,  owing  to 
the  expression  of  the  blood  from  the  surrounding  capillaries,  it  becomes 
more  distinct.  Aflfections  characterized  by  the  extravasation  of  blood  into 
the  skin  are  collectively  described  under  the  term  pur  pura. 

Cutaneous  hemorrhage  is  in  ali  cases  of  diagnostic  importance.  The 
more  important  conditions  with  which  it  is  associated  are  traumatism, 
intense  venous  stasis,  the  severe  and  especially  the  malignant  infections, 
sepsis  of  various  kinds,  deep  jaundice,  and  cachectic  and  ana^mic  states. 
It  is  a  characteristic  phenomenon  of  the  action  of  certain  snake  venoms 
and  under  exceptional  circumstances  follows  the  administration  of 
copaiba,  quinine,  ergot,  iodine,  and  other  drugs. 

Hemorrhage  into  the  skin  occasionally  occurs  in  acute  myelitis, 
severe  neuralgia,  and  in  tabes.  In  the  last  it  is  very  often  transient.  The 
bleeding  points  or  stigmata  that  have  attracted  so  much  attention  in  rare 
cases  of  hysteria  are  of  nervous  origin. 

It  is  frequently  associated  with  arthritis.  The  relationship  of  these 
conditions  has  been  regarded  without  adequate  reason  as  rheumatic. 

Other  changes  in  the  skin  of  diagnostic  importance  are:  striations, 
de8quamation,  furunculosis,  cicatrices,  and  glossy  skin. 

Striations. — The  stri®  of  the  skin  of  the  abdomen  and  those  occur- 
ring  in  cudema  and  peritoneal  eflfusion,  which  resemble  the  striations  of 
pregnancy,  have  already  been  described.  They  frequently  disappear  after 
resorption  of  the  fluid,  but  may  persist  for  a  long  tirne.  Similar  striations 
may  attend  the  rapid  development  and  equally  rapid  resorption  of  a 
thick  panniciilus  adiposus.  They  are  encountered  in  cases  of  great  abdomi- 
nal  distention  from  rapidly  developing  tumors  or  other  cause. 

Desquamation. — Shedding  of  the  epidermis  is  of  diagnostic  impor- 
tance. A  diflfuse  desquamation  of  the  trunk  and  extremities,  usually  in  tlie 
form  of  fine  scales,  occurs  in  the  cachexia  associated  with  emaciation.  A 
similar  fine-scaled  desquamation  follows  measles.  A  coarser  desquamation, 
sometimes  lamellar,  is  almost  constant  after  scarlet  fever.  A  coarse  des- 
quamation  follows  erysipelas.  The  decrustation  of  the  variolous  diseases 
may  be  mentioned  in  this  connection. 

FuKUNcuLOSis. — Boils  or  furuncles  are  the  expression  of  an  acute' 
inflammation  of  a  hair  follicle  and  its  sebaceous  gland  and  the  connective 
tissue  immediately  surrounding  them.  It  is  a  local  process  due  to  an  infec- 
tion  through  the  follicle  by  pus-producing  organisms,  usually  the  Staphy- 
lococcus  aureus.  Furunculosis  occurs  in  conditions  of  lowered  vitality, 
as  during  the  convalescence  from  infectious  diseases,  especially  enteric 
fever.  The  occurrence  of  furuncles  in  crops,  or  their  persistent  recurrence, 
is  a  common  event  in  diabetes  mellitus  and  should  always  lead  to  an 
examination  of  the  urine  for  the  presence  of  sugar. 

Cicatrices  or  Scars. — These,  whether  recent  or  old,  constitute 
important  diagnostic  signs.  In  doubtful  cases  special  significance  attaches 
to  the  presence  or  absence  of  the  scars  of  vaccination  and  their  characters 
and  to  the  scars  of  smallpox.  The  scars  of  furuncles  and  carbuncles,  of 
lupus,  of  inguinal  buboes,  and  those  left  by  tuberculous  glands  which  have 
healed  8pontaneously  or  been  removed  are  very  suggestive  vrv  dQkV\VAi\2iSL 
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cases.  The  scars  left  by  tuberculous  disease  of  the  glands  or  bones  are 
usually  retracted  and  adherent.  The  presence  or  absence  of  scars  upon  tbe 
genitalia  following  the  primary  syphilitic  infection  is  of  great  importance. 
They  are  usually  difficult  to  discover  in  the  female  and  are  not  alva>-8 
persistent,  The  serpiginous  cicatricea  of  late  8yphilis  cannot  be  mistaken. 
Cicatrices  produced  by  therapentic  measureB,  Buch  as  cupping,  venesection, 
leeching,  the  application  of  croton  oil  and 
tartar  emetic  ointment,  and  those  left  by 
eurgical  operations  are  of  importance  in 
the  anamnesis.  Occasiona]ly  scars  upOD 
the  head  or  el8ewb.ere  constitute  sug|;es- 
tive  diagnostic  evidence  in  obscure  nenous 
diseases.  Scars  upon  the  tongue,  the  result 
of  laceration  during  the  epileptic  par- 
oxysm,  may  serve  to  clear  up  any  doubt 
as  to  the  character  of  convulsive  Beizure& 
Glos6Y  Skin.  —  The  appearance  is 
characteristic.  The  skin  is  atrophied  and 
attached  to  thesubjacentstructures.  It  is 
smooth,  tense,  and  hairless  and  occurs  most 
frequcntly  and  is  more  pronounced  in  the 
handa  and  fingera.  It  may  develop  else- 
where.  The  conditioa  ia  the  result  of  tbe 
trophic  diaturbance  caused  by  traumalic  or 
other  lesions  of  the  nerves.  It  is  encoun- 
tered  in  eKtremitiea  that  have  been  splinted 
after  frarture,  forms  of  neuritis,  in  condi- 
tions  giving  rise  to  the  claw  hand,  in  !on|- 
standing  cedcma,  and  in  some  advanced 
casea  of  arthritis  deformans.  It  ia  not 
often  seen  in  young  persons. 

Collateral  CIrculatlon    In   the  ^In. 

— Dilatation  of  the  superficial  veaseis  fre- 

quently  sheds  tight  on  symptom8  dependent 

upon  deeper  circulatory  derangements.    In 

agec!  persons  the  overfilled  veins  of  the  e\- 

t  remities,  8howing  prominently  throuf  h  the 

tranalucent  atrophic  skin,  are  an  indication 

of  the  diminiahed  cardiac  power  associated 

with  general  involution   of  the   muscular 

svatom.     The  veins  are  darker  in  color  than  the  blood  wbich  they  contain 

~a  phenomenon  doubtiess  due  to  intensification  of  the  color  in  transmisBioD 

through  the  skin. 

In  tumors  of  the  niediastinum  which  compress  the  j^reat  veins  of  the 
thorax,  e3pecially  the  vena  cavsp  superior  and  inferior,  the  venous  collat- 
erala  upon  the  anterior  siirface  of  the  chest  may  be  great!y  enlarged.  The 
blood  is  transferred  from  the  compresaed  vena  cava  inferior  by  way  of  the 
intercostal  veins  and  the  internal  mammary  vein  to  the  superior  TUift  etvi, 
or  the  reverse. 
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Thrombosis  of  the  vena  cava  ascendens  or  of  bolh  common  iliac  veins 
results  in  the  development  upon  the  surface  of  the  abdomen  and  antero- 
laterar  appects  of  the  chest  of  prominent  sinuous  venous  enlargements, 
sometimes  reaching  the  thicknesa  of  a  finger,  by  which  the  blood  from  the 
lower  extremities  and  the  kidnpy9  ia  conveved  to  the  vpins  of  the  thorax. 
In  cirrhosia  of  the  liver  and  portal  thrombosis  the  conipensatory  circiila- 
tion  is  often  by  way  of  the  snperficial  veina.  Occasionallv  a  preatlv  eniarged 
para-umbilical  vein  passes  from  the  hilus  of  the  liver  along  the  course 
of  the  roiind  ligament  and  joins  the 
epigastric  veins  at  the  navel,  prodne- 
ing  a  large  varix  with  wavy  radial 
distribiition  of  the  veins  known  os 
the  caput  Medus<T.  More  commonly 
branches  pasa  in  the  round  and  sus- 
pensory  ligaments  and  unite  with  the 
epigastric  and  mammarv  systems. 
The  vessels  are  nnmerons  and  of  no 
great  size,  An  important  point  of 
difference  between  the  enlargemont 
of  the  superficial  collateral  veins  in 
obstruction  of  the  vena  cava  and 
portal  obstruction  is  to  be  found  in 
their  distribution.  In  the  former  the 
eniarged  collaterals  usiially  occiipy 
the  anterolateral  aspect  of  the  chost; 
in  the  latter  the  region  around  the 
navel  and  ensiform  cartilage.  It  is 
important  to  determine  in  which 
direction  the  blood  in  the  distended 
vein  flow3.  This  is  done  by  empty- 
ing  the  vein  by  stroking  it  betneen 
two  fingers  and  determining  \ty  re- 
moval  of  the  pressure  of  the  fingers 
alternately  from  which  direction  the 
blood  stream  comea.  In  great  disten- 
tion  of  the  veins  the  valves  l>econie 
inadequate  and  this  investigation  is  Fia.2n5^.— varioHvdng.— GenmiaHiapiu]. 
without  resnit.    The  amall  vascular 

dendrites  so  often  seen  in  irregular  arrnngcment  nt  the  base  of  the  thorax  in 
chronic  affectiona  of  the  lungs  and  pleiira  indicate  local  areas  in  tthich  col- 
lateral circulation  has  been  established  betwcen  the  lungs  and  skin.  They 
are  especially  common  in  pleural  adhesions  and  are  frequently  seen  upon 
the  upper  part  of  the  back  in  chronic  pulmonory  tuberculosis  with  great 
pleural  thickcning.  In  manv  cases  thcse  minute  dentiritic  enlargements  at 
the  base  of  the  chest  and  the  borders  of  the  area  of  superficial  cardiac  dul- 
ness  are  withont  pathological  significance,  since  they  occur  in  healthy  indi- 
viduals.  They  have  a  certnin  clinical  interest,  however,  since  by  their 
distribution  they  indicate  upon  inspection  the  poaition  of  the  borders  of  the 
lung.   Entargement  of  the  veins  of  the  legs  mav  be  due  to  changes  in  their 


562  MEDICAL  DIAGNOSIS. 

walls  on  the  one  hand  or  to  thrombosis  or  pressure  on  the  other.  Enlarge- 
ment  of  the  veins  of  both  legs  is  caused  by  the  obstruction  of  the  vena  cava 
or  both  iliacs.  Great  enlargement  of  the  veins  of  the  legs,  with  the  formation 
of  varices,  sometimes  occurs  after  repeated  pregnancies,  and  enormous  vari- 
cosity  of  one  leg,  with  great  dilatation,  frequently  results  from  venous 
thrombosis  following  pregnancy  or  the  infectious  diseases,  espeeially  enteric 
fever.  The  varicosities  which  occur  in  the  absence  of  pressure  or  throm- 
bosis are  largely  due  to  changes  in  the  walls  of  the  veins  themselves. 

THE  NAILS. 

The  appearance  of  the  nails  is  to  some  extent  indicative  of  the  state 
of  nutrition  and  habits.  The  deformity  arising  from  biting  the  nails  is 
characteristic  and  consists  in  shortening  of  the  nail  with  projection  of  the 
tip  of  the  finger,  into  which  the  edge  of  the  nail  tends  to  bury  itself.  Coarse 
longitudinal  strise  associated  with  brittleness  are  said  to  indicate  gouty 
tendencies.  Small  vvhite  flecks — leucopathia  unguis — are  the  result  of 
trifling  knocks;  the  color  is  due  to  the  presence  of  air  among  the  cells. 
Transverse  arched  bands,  dull  and  opaque,  contrasting  with  the  normal 
glistening  surface,  are  seen  after  severe  acute  illness  and  indicate  a  period 
of  malnutrition.  They  appear  at  the  root  of  the  nail  and  gra(lually  advance. 
They  are  often  seen  after  enteric  fever  and  sometimes,  in  the  čase  of  relapse, 
there  is  a  corresponding  secondary  band.  Pressure  upon  the  nails  drives 
blood  from  the  capillaries  of  the  bed.  The  blanching  is  marked  and  some- 
what  prolonged  in  ansemic  states.  The  nail  is  normally  of  a  pink  tint. 
Cyanosis  shows  itself  early  in  the  nails  and  their  blueness  is  a  measure  of 
its  intensity.  When  the  capillary  pulse  is  present  it  may  be  seen  in  the 
nail-beds,  especially  after  slight  pressure.  The  nutrition  of  the  nails  is 
affected  in  various  skin  diseases.  They  become  dry,  fragile,  and  malformed 
in  neuritis,  syringomyelia,  Raynaud's  disease,  and  scleroderma.  Destruc- 
tion  of  the  nails  occurs  in  the  neuritis  of  Morvan^s  disease  and  leprosv. 
In  hemiplegia  and  infantile  palsy  the  growth  of  the  nails  upon  the  paralyzed 
side  is  retarded.  Onpchia  is  ulceration  of  the  nail  matrix.  It  may  be  due 
to  syphilis  or  tuberculosis.  In  chronic  disease  of  the  chest  the  nails  become 
hypertrophied  and  incurvated  and  the  terminal  phalanges  clubbed — the 
Hippocratic  fingers.  These  changes  are  seen  most  frequently  in  bronchi- 
ectasis  and  empyema,  less  often  in  phthisis.  The  deformity  may  develop 
very  rapi(lly.  Trifling  lesions  at  the  root  of  the  nail — a  mere  splitting  of 
the  fold  of  epidermis  at  the  side  of  the  finger-nail,  may  be  the  point  of 
serious  infection.  Malignant  endocarditis  and  tetanus  have  arisen  from 
this  cause,  and  such  sores  upon  the  finger  of  the  surgeon  are  frequently 
the  seat  of  the  initial  lesion  of  8yphilis.  Congenital  absence  and  deformities 
of  the  nails  are  not  common.  They  may  be  hereditary  and  are  usually 
associated  with  defects  in  development  of  the  hair  and  teeth. 

Shedding  of  the  nails  sometimes  occurs  in  svphilis,  alopecia  areata, 
saccharine  diabetes,  hysteria,  and  other  neurotic  conditions.  Extrava8a- 
tion  of  the  blood  beneath  the  nails  may  occur  from  injury  or  very  rarelv 
in  purpuric  aflfections.  The  blood-clot  brings  about  a  separation  of  the 
nail  from  its  bed  and  its  ultimate  detachment. 
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THE  HAIR. 

Wide  variations  in  color,  texture,  and  abundance  occur  in  diflferent 
individuals.    Certain  changes  are  of  diagnostic  importance. 

Color. — Grayness  or  canities  may  begin  early  in  life.  It  is  a  sign  of 
old  age  but  there  are  people  who  grow  old  without  growing  gray.  Gray 
hair  in  young  people  is  sometimes  hereditary.  It  is  often  associated  with 
early  arteriocapillary  sclerosis.  In  a  family  in  which  nearly  every  member 
for  three  generations  was  the  victim  of  chronic  nephritis  it  was  characteristic 
for  the  hair  to  turn  gray  before  thirty.  Early  grayness,  however,  is  not 
incompatible  with  excellent  health.  In  rare  instances  rapid  whitening  of 
the  hair  has  been  attributed  to  extreme  terror  or  anxiety.  Circumscribed 
patches  of  gray  hair  are  occasionally  seen  in  healthy  individuals.  Their 
development  sometimes  appears  to  depend  upon  severe  neuralgia  involv- 
ing  the  distribution  of  the  supra-orbital  branch  of  the  fifth  nerve.  It  is 
easy  for  the  close  observer  to  detect  bleached  or  dyed  hair.  To  the  physician 
the  former  is  suggestive  of  an  undisciplined  life,  the  latter  of  chronic  lead 
poisoning  as  the  cause  of  nervous  symptoms  otherwise  obscure.  Discolor- 
ation  of  the  hair  occurs  in  workers  in  copper,  cobalt,  indigo,  and  from  local 
contact  with  dyes.  Change  in  color  may  occur  after  severe  illness  with 
temporary  loss  of  hair  or  after  frequently  repeated  excessive  sweating 
sueh  as  follows  the  hypodermic  use  of  pilocarpine. 

t1ypertricho8i8. — A  growthof  hair  that  is  abnormal  in  quantity  or  in  loca- 
tion  may  be  congenital  or  acquired.  It  is  a  deformity  rather  than  a  dlsease. 
Very  rare  instances  have  been  reported  in  which  a  growth  of  hair  has  covered 
the  entire  body  except  the  palms,  soles,  terminal  phalanges,  upper  eyellds, 
borders  of  the  lips,  prepuce,  and  glans  penis.  Hirsuties  is  more  commonly 
localized.  The  causes  of  this  condition  are  obscure.  Among  them  heredity 
and  irregularities  or  arrest  of  the  sexual  functions  are  prominent.  A  luxuri- 
ant  growth  of  deeply  pigmented  hair  has  been  observed  in  Addison's  disease. 

Atrophy  of  the  hair  occurs  as  the  result  of  systemic  conditions  inter- 
fering  with  nutrition.  The  hair  becomes  (lry  and  lustreless  and  splits  at 
the  end.  It  may  undergo  atrophy  in  local  diseases  of  the  scalp  and  in 
general  conditions,  as  extreme  emaciation  and  cachexia.  Imperfect  nutri- 
tion of  the  hair  is  conspicuous  in  myxoDdema  and  occurs  in  advanced  cases 
of  pulmonary  consumption. 
^  Alopecia  may  involve  the  scalp  or  other  hairy  parts  of  the  body.    It  may 

be  congenital  and  is  usually  accompanied  by  defects  in  the  teeth  and  nails. 
This  form  is  very  often  hereditary.  The  hair  does  not  usuallv  grow  in  scars 
upon  the  scalp.  Alopecia  senilis  accompanies  other  senile  changes.  Prema- 
ture  falling  of  the  hair  sometimes  appears  to  be  an  idiopathic  condition.  It 
occurs  in  various  local  and  svstemic  diseases.  Among  the  latter  are  acute 
febrile  infections,  syphilis,  and  erysipelas.     As  a  rule  the  hair  grows  agnin. 

Alopecia  areata  or  circumscribed  patches  of  baldness  appears  in  some 
instances  to  be  a  trophoneurosis  occurring  after  shock  or  injury  to  the 
nervous  system.    In  others  it  appears  to  be  a  local  parasitic  disease. 

Diseases  of  the  skin  as  such  do  not  fall  within  the  scope  of  this  work. 
The  cutaneous  manifestations  of  the  individual  constitutional  and  organic 
diseases  are  considered  el8ewhere  (see  Part  IV,  Vol.  II). 
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XII. 

GENITO-URINARY  SVSTEM;    MICTURITION;    THE   REPRODUC- 

TIVE  ORGANS. 

The  diagnostic  significance  of  the  results  of  exainination  of  the  urine 
by  laboratory  methods  is  set  forth  in  a  previous  chapter.  The  clinical 
facts  may  properly  be  considered  Beparately. 

MICTURITION— URINATION. 

The  urine  is  secreted  continuously  and  conveyed  by  the  ureters  to  the 
bladder,  from  which  it  is  ejected  at  intervals  through  the  urethra  by  the 
act  of  micturition.  The  urine  accumulating  in  the  bladder  is  prevented 
from  escaping  by  the  elasticity  of  the  parts  surrounding  the  internal  ure- 
thral  orifice  and  the  contraction  of  the  internal  sphincter.  When  the 
accumulation  reaches  a  certain  point  the  desire  to  pass  water  is  aroused. 
The  external  sphincter  may  be  controlled  by  voluntary  effort.  The  act  of 
micturition  consists  in  strong  contraction  of  the  bladder  with  the  simul- 
taneous  relaxation  of  the  sphincters  and  the  contraction  of  the  abdominal 
muscles,  especially  toward  the  close  of  the  act.  The  contraction  of  these 
muscles  with  closure  of  the  glottis  and  fixation  of  the  diaphragra  increases 
the  pressure  upon  the  contents  of  the  abdominal  and  pelvic  cavities  and 
favors  the  complete  emptying  of  the  bladder.  The  peculiar  sensation 
caused  by  the  accumulation  of  urine  in  the  bladder  is  followed  by  the 
reflex  muscular  contractions  which  constitute  the  act  of  micturition. 
Not  only  is  this  Act  largely  under  the  control  of  the  will,  but  the  ability  to 
void  small  quantities  is  also  to  some  extent  voluntary. 

The  average  total  daily  quantity  of  urine  in  healthy  men  is  1200  to 
1700  c.c;  in  women  the  amount  is  less  by  200-300  c.c.  This  represents 
the  water  excreted  by  the  kidneys,  but  there  is  in  health  as  well  as  in  disease 
a  vicarious  rchitionship  between  the  function  of  those  organs  and  the  skin 
and  lungs,  so  that  during  increased  cutaneous  and  respiratory  activity,  as 
in  prolonged  exerclse  or  in  warm  weather,  the  quantity  of  urine  may  be 
rcduced  to  400-500  c.c.  in  twenty-four  hours.  0 

The  (iuantity  is  diminished  in  disease  in  a  corresponding  manner. 
ThuH,  the  loss  of  fluid  by  pathological  s\veating,  profuse  vomiting,  colliqua- 
tive  diarrha^a,  and  hoinorrhage  is  attended  by  more  or  less  marked  reduc- 
tion  in  the  urine.  The  quantity  is  also  reduced  in  acute  nephritis,  in 
lovvcring  of  the  blood-prcssure  from  any  cause,  in  many  febrile  conditions, 
and  in  dropsics  and  effusions  into  the  serous  sacs.  Suppression  of  urine 
more  or  less  complete  is  designated  anuria — to  a  less  extent  oligtiria. 

An  abnormal  and  continued  increase  of  the  daily  quantity  of  urine, 
not  accounted  for  by  increased  ingestion  of  fluid,  constitutes  the  patho- 
logical condition  designated  pohjuria.  This  condition  occurs  in  diabetes 
insipidus  and  mellitus,  in  emotional  states,  in  hysteria,  during  the  epileptic 
paroxysm,  in  irritable  lesions  of  the  floor  of  the  fourth  ventridOj  under  tbe 
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influence  of  diuretics,  in  contracted  kidney8,  in  chronic  parenchvmatous 
nephritis,  in  lardaceous  renal  diseascf,  from  increascd  blood-pressure,  and 
as  a  result  of  the  resorption  of  transudates  and  exudates. 

The  daily  quantity  is  voided  in  several  acts  of  micturition,  usuaJly 
about  five,  but  the  number  within  normal  limits  is  largely  determined  by 
the  habits  and  circumstances  of  the  individual. 

The  following  abnormal  conditions  are  of  diagnostic  importance: 
(a)  Dysuria. — This  term  is  comprehensively  employed  to  designate 
difBcult,  slow,  and  frequent  micturition,  and,  since  these  symptoms  are 
mostly  though  not  ah7ays  attended  with  distress  which  is  often  urgent, 
it  includes  painful  micturition. 

1.  Vesical  tenesmus  constitutes  the  most  severe  form  of  dysuria. 
It  consists  of  painful  spasm  of  the  bladder  and  is  often  associated  with 
rectal  tenesmus.  The  spasm  is  often  so  urgent  that  the  patient  is  unable 
to  remain  at  rest,  but  returns  at  short  intervals  to  the  ineflfectual  and 
agonizing  attempt  to  pass  water,  with  the  result  that  a  few  drops  at  most 
are  voided  with  violent  bearing  down  and  burning  pain  in  the  urethra. 

2.  Strans:ury. — Not  rarely  a  few  drops  of  blood  or  bloody  mucus  are 
discharged  in  the  spasmodic  efforts  at  urination,  and  the  condition  is  de- 
scribed  as  strangury.  This  term  is,  however,  frequently  employed  inter- 
changeably  with  tenesmus. 

Very  concentrated  and  acid  urine  is  a  cause  of  dysuria  and  the  ingestion 
of  certain  condiments  in  excess,  as  mustard,  pepper,  and  horseradish,  may 
produce  similar  inconvenience.  The  absorption  of  cantharides  and  turpen- 
tine  applied  to  the  surface,  or  overdoses  of  these  substances,  may  be 
followed  by  strangury.  A  sudden  attack  of  vesical  tenesmus  for  which  no 
obvious  cause  is  discoverable  may  be  found  upon  investigation  of  the 
facts  of  the  čase  to  be  a  tabetic  crisis. 

Dysuria,  especially  these  more  intense  forms,  is  liable  to  occur  in  al- 
most  ali  acute  inflammatory  diseases  of  the  urinary  tract.  They  are 
encountered  therefore  in  posterior  gonorrhoea  and  in  gonorrhoeal  inflam- 
mation  of  the  neck  of  the  bladder,  and  in  acute  cystitis,  prostati  tis,  and  pye- 
Utis.  Dysuria  also  accompanies  the  chronic  forms  of  these  aflfections  but 
is  much  less  urgent  and  distressing.  Tenesmus  is  also  symptomatic  of 
direct  irritation  of  the  bladder,  as  by  stone,  gravel,  foreign  bodies,  parasites, 
and  local  ulceration.  Reflex  dysuria  with  tenesmus  is  sometimes  present 
in  renal  colic. 

Dy8uria  is  a  symptom  of  incomplete  retention.  When  after  the  act 
of  micturition  there  is  residual  urine,  it  is  evident  that  the  capacitv  of  the 
organ  will  be  more  speedily  reached  than  when  it  is  emptied  normally. 
Urination  becomes  more  frequent  and  more  difficult.  This  form  of  dysuria 
occurs  in  paresis  of  the  bladder,  as  in  tabes,  hvpertrophied  prostate,  tumor 
involving  the  neck  of  the  bladder,  stricture  and  phimosis,  prostatic  abscess, 
arteriosclerosis  of  the  vesical  arteries,  spasm  of  the  neck  of  the  bladder, 
and  cedematous  swelling  of  the  urethral  mucosa  in  acute  gonorrhoea.  A 
chancre  of  the  urethra  mav  act  in  the  same  way,  and  in  the  variolous  dis- 
eases pocks  in  the  meaius  may  occasion  similar  svmptoms. 

Dysuria  frequently  attends  general  peritonitis,  acute  inflammatory 
diseases  of  the  pelvic  organs,  and  may  occur  in  dysmenorrhoea. 
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(b)  Freqiient  Micturition. — This  occurs  in  polyuria.  It  is  obvious 
that  in  the  absence  of  dilatation  of  tRe  bladder  an  increase  in  the  quantity 
of  urine  must  be  followed  by  an  increase  in  the  frequency  with  which  it  is 
voided.  Hence  in  diabetes  insipidus  and  diabetes  inellitus,  in  eontracted 
kidneys  and  in  some  forms  of  pyelitis  the  frequency  of  urination  is  g;reatly 
increased.  A  diabetic  who  voids  6  litres  of  urine  in  twenty-four  hours, 
with  an  average  vesical  capacity  of  about  300  c.c,  would  be  obh'ged  to  pass 
water  at  least  twenty  times  in  the  course  of  the  day — a  requirement  which 
is  8lightly  diminished  by  a  gradual  increase  in  the  size  of  the  bladder.  When, 
on  the  other  hand,  the  bladder  has  undergone  concentric  hypertrophy  in 
consequence  of  chronic  cystitis  and  its  capacity  is  greatly  diminished,  the 
necessity  to  void  urine  at  short  intervals  becomes  imperative.  If  the  call 
be  not  obeyed,  as  in  deep  sleep,  the  urine  may  be  involuntarily  diseharged. 

Frequent  micturition  is  often  due  to  p8ychical  causes,  among  them 
fright  and  excitement.  Soldiers  in  battle  and  students  awaiting  examina- 
tion  constitute  oft-quoted  examples.  The  urine  is  voided  at  short  intervals 
and  in  small  amounts  and  often  involuntarily.  It  is  aiso  a  common  8ymp- 
tom  in  hysteria  and  neurasthenia. 

(c)  Slow  Micturition. — The  act  is  slow,  prolonged,  and  difficult  in  ali 
conditions  characterized  by  mechanical  obstruction  to  the  outflow  and  in 
nervous  aflfections  attended  by  paresis  of  the  vesical  wall.  Hence  the  form 
of  dysuria  encountered  in  incomplete  urinary  retention  from  any  cause  is 
characterized  by  slow  or  prolonged  micturition.  StiUicidium  uriruB  or  the 
slow  discharge  of  urine  drop  by  drop  has  been  described  under  the  term 
** incontinence  of  retention."  It  occurs  in  the  low  fevers  and  in  soporose 
and  comatose  conditions,  when,  because  of  the  neglect  of  a  routine  phvsical 
examination  and  of  the  use  of  the  catheter,  the  bladder  has  been  allowed 
to  become  overdistended. 

(d)  Incontinence  of  Urine. — This  condition  is  due  to  mechanical  and 
nervous  causes. 

1.  Mechanical  causes  are  chiefly  operative  in  women.  Laceration  of 
the  perineum  or  injuries  to  the  urethra  sustained  in  parturition,  relaxation  of 
the  floor  of  the  pelvis,  and  cystocele  are  common  causes  of  urinary  inconti- 
nence. The  urine  may  dribble  constantly  or  be  diseharged  in  gushes  upon 
anv  muscular  effort  which  increases  the  pelvic  pressure,  as  lifting,  stooping, 
or  coughing.  Violent  sudden  cough,  as  in  pertussis,  may  cause  incontinence 
in  depressed  or  asthenic  conditions  with  relaxation  of  the  sphincter  muscles. 

2.  The  nervous  causes  of  incontinence  are  much  more  common. 
They  mav  be  cerebral,  as  in  coma  and  shock,  idiocy  and  dementia,  or  the 
stuporous  States  of  the  profound  infections;  spinal,  as  in  traumatism, 
hemorrhage,  and  tumors  of  the  cord,  transverse  myelitis,  meningitis,  and 
tabes;  or  reflex  in  consequence  of  the  local  irritation  of  ascarides,  phimosis, 
eontracted  urinarv  meatus,  stone  in  the  bladder,  cvstitis,  or  highly  con- 
centrated  or  acid  urine.  To  the  last  of  these  causes  may  be  referred  enuresis 
nocturna,  which  occurs  in  neurotic  children  and  acquires  the  force  of  a 
morbid  habit,  the  urine  being  voided  invohmtarily,  as  a  rule  during  sleep, 
but  frequently  during  the  waking  hours  under  excitement  or  preoccupation. 
I/  the  vesical  centre  in  the  lumbar  cord  is  destroyed,  complete  paralysi8 
will  enaue,  with  retention  or  tVie  dT\bbV\tv%,  vu^otillueuce  of  retention. 
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(e)  Retention  ol  Urine. — Retention  and  incontinence  are  very  con- 
8tantly  associated,  and  are  due  in  many  instances  to  the  same  causes. 
Thus,  retention  may  occur  in  coma  from  any  cause,  in  the  soporose  states 
incident  to  profound  tox2emia,  as  in  the  graver  forms  of  the  infectious 
diseases  and  especially  in  the  terminal  infections,  in  peritonitis,  in  acute 
pelvic  inflammations,  and  in  injuries  and  diseases  of  the  spinal  cord. 

Temporary  loss  of  vesical  power  sometimes  results  from  overdisten- 
tion  in  consequence  of  prolonged  voluntary  retention.  Mechanical  causes 
of  retention  are  stricture,  urethritis,  the  arrest  of  a  calculus  in  the  urethra, 
prostatic  enlargement,  and  the  pressure  of  the  head  in  parturition.  Remark- 
able  retention  of  urine  is  sometimes  observed  in  hysterical  persons. 

In  infants  this  condition  may  occur  from  phimosis,  inflammation  of 
the  prepuce,  or  highly  concentrated  or  acid  urine.  These  causes  may  act 
reflexly,  by  producing  spasm  of  the  sphincters,  or  mechanically.  The  pas- 
sage  of  a  renal  calculus  through  the  ureter  may,  by  reflex  irritation,  give 
rise  to  frequent  micturition  on  the  one  hand  or  to  spasm  of  the  sphincters 
and  retention  on  the  other. 

(f)  Suppression  ol  Urine — Anuria. — This  condition  may  be  mechani- 
cal, renal  or  general,  partial  or  complete. 

1.  Mechanical  causes  of  complete  anuria  are  renal  calculi  blocking 
both  ureters  simultaneously  or  the  ureter  when  only  one  exists.  The  symp- 
toms  are  those  of  ursDmia.  The  condition  is  extremely  rare.  Life  may 
be  prolonged  several  days  with  complete  anuria;  in  Polk's  čase  in  which 
a  solitary  kidnev  was  removed,  the  patient  lived  eleven  days.  Partial 
anuria — oliguria — may  be  caused  by  the  presence  of  an  abdominal  aneurism 
or  tumor  upon  one  or  both  ureters,  or  by  a  klnk  in  the  ureter  in  the  čase 
of  an  ectopic  kidney,  or  by  malignant  disease  of  the  wall  of  the  bladder 
involving  one  or  both  urethral  orifices.  In  any  of  these  conditions  hydrone- 
phrosis  may  occur. 

2.  Renal  lesions  leading  to  suppression  of  urine  are  acute  congestion, 
acute  nephritis;  the  acute  exacerbations  of  chronic  nephritis,  pyelitis, 
abscess  of  the  kidney,  perihephric  abscess,  and  hydro-  and  pyonephrosis. 
Among  the  rare  causes  of  suppression  is  thrombosis  of  the  inferior  vena 
cava  or  of  the  renal  vein. 

3.  General  conditions  accompanied  by  suppression  of  urine  are  extreme 
lowering  of  the  blood-pressure  such  as  occurs  in  profuse  hemorrhage  from 
any  cause;  collapse  or  shock  from  injuries,  surgical  operations;  the  per- 
foration  of  hollow  viscera,  as  in  peptic  ulcer,  empyema  of  the  gall-bladder, 
enteric  fever,  or  rupture  of  the  uterus;  the  stage  of  collapse  in  cholera 
Asiatica,  cholera  nostras,  or  yellow  fever,  the  pernicious  malarial  fevers, 
and  acute  peritonitis.  Operations  upon  the  urinary  tract— even  so  trifling 
a  procedure  as  catheterization — may  in  elderly  men  be  followed  by  urinary 
suppression. 

This  symptom  also  occurs  in  acute  poisoning  by  phosphorus,  lead,  and 
turpentine,  in  acute  yellow  atrophy  of  the  liver,  and  in  sunstroke. 

Anuria.  more  or  less  complete,  and  prolonged  for  days,  is  occasionally 
observed  in  hysterical  girls.  In  rare  cases  there  are  symptom8  of  ursmia, 
but  as  a  rule  there  are  no  associated  8ymptoms  other  than  those  due  to 
the  by8teria.    In  such  cases,  in  order  to  avoid  deception,  the  patient  must 
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be  isolated  and  carefully  and  continuously  watched,  and  the  catheter  used 
at  unexpected  and  irregular  periods.  Anuria  may  result  from  reflex  irri- 
tation  and  functional  arrest  in  a  normal  kidney,  the  ureter  of  the  opposite 
side  being  blocked  by  a  calculus,  or  the  opposite  kidney  having  been 
removed  by  operation. 

Hsmaturia. — When  small  amounts  of  blood  are  present  the  color  of 
the  urine  is  snioky.  With  larger  quantities  it  is  bright  red  or  even  dark 
brown  and  opaque  like  porter.  Erythrocytes  are  present,  U8ually  crenated 
or  as  rounded  8hadowy  disks.  The  hemoglobin  is  soon  dissolved,  especiallj 
in  ammoniacal  urines  and  those  of  low  specific  gravity.  Blood  from  the 
kidneys  is  intimately  mixed  with  the  urine,  which  is  discolored  both  at 
the  beginning  and  at  the  end  of  the  act  of  micturition.  Clots  are  often 
present  and  they  may  be  in  the  form  of  casts  of  the  pelvis  or  ureters.  Blood 
from  the  bladder  may  not  appear  until  toward  the  end  of  micturition  or  at 
its  close.  Upon  washing  out  the  bladder  the  water  returns  tinged  if  the 
source  of  the  hemorrhage  be  in  the  bladder  but  clear  if  it  be  in  the  kidnevs. 
The  differential  diagnosis  of  the  source  of  the  bleeding,  however,  is  often 
attended  with  difficulty  and  can  be  made  only  by  means  of  the  cysto8cope 
or  a  differentiator  by  which  the  urine  from  each  ureter  may  be  obtained 
8eparately. 

Ha?maturia  may  be  svmptomatic  of  the  following  conditions: 

1.  The  hemorrhagic  varieties  of  the  acute  febrile  infections,  forms 
of  purpura,  haBmophilia,  very  severe  cases  of  8curvy,  and  leukaemia.  A 
special  form  of  hsBmaturia  or  haBmoglobinuria — black  water  fever — prevails 
in  certain  malarious  districts. 

2.  DisEASES  OF  THE  Urinart  Passaoes. — Sarcoma  or  tuberculosis 
of  the  kidney,  calculus  in  the  ureter,  tumor,  ulceration  or  calculus  in  the 
bladder,  parasites  of  the  bladder — Bilharzia  hsematobia,  psorospermiasis — 
or  rupture  of  veins  in  its  wall  may  be  the  cause  of  haernaturia.  In  rare 
instances  this  condition  is  due  to  disease  of  the  prostate.  The  arrest  of  a 
calculus  in  the  urethra  or  acute  gonorrhocal  urethritis  is  sometimes  attended 
by  the  passing  of  blood.  This  symptom  occurs  in  strangury  and  there  are 
cases  of  persistent  hrematuria  in  which  no  adequate  lesion  has  been  found. 

3.  TRAUMATisM.—  Haematuria  follows  operations  upon  the  kidnev. 
Gun-shot  wounds  or  stabs  involving  the  kidney,  laceration  of  the  organ 
from  bl()ws  upon  the  back,  falls  or  crushing  accidents  cause  profuse  bleed- 
ing. Similar  injuries  involving  the  bladder  or  prostate,  falls  or  kicks 
result  ing  in  severe  contusion  of  the  perineum  and  laceration  of  the  urethra 
are  also  followed  by  hemorrhage,  and  this  svmptom  frequently  follows 
the  use  of  the  catheter. 

(g)  Hsmoglobinufia. — The  urine  is  discolored  by  haemoglobin,  chiefly 
metha^moglobin.  Red  corpuscles  are  absent  or  few  in  number.  The 
urine  is  sniokv  or  brownish-red,  even  black,  and  upon  standing  deposits  a 
dense,  dirtv  brown  sedi  men  t  made  up  of  granular  pigment,  the  detritus  of 
blood-corpusclos,  epitheliiim,  and  pigmented  urates. 

Three  forms  are  recognized:  the  toxic,  the  paroxysmal,  and  hseme- 
globin uria  of  the  new-born. 

1.  Toxic  H.BMOGLOBiNURiA. — This  variety  is  encountered  in  poison- 
ing  by  those  agents  which  produce  rapid  destruction  of  the  er3rthit>eyte& 
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Important  among  these  are  potassium  chlorate,  urotropin,  pyrogallic  acid^ 
carbolic  acid,  arseniureted  hydrogen,  carbon  monoxide,  naphthol,  and  mus- 
carine.  It  is  also  produced  by  the  transfusdon  of  blood  from  one  mammal 
into  another,  by  exposure  to  intense  cold  and  violent  exertion,  and  oceurs 
after  extensive  bums.  In  malarial  subjects  it  may  follow  the  administra- 
tion  of  quinine — black  mater  fever. 

2.  Paroxysmal  H.«moqlobinuria.  —  An  aflfection  characterized  by 
the  occasional  passage  of  urine  colored  by  hsemoglobin.  It  occurs  in  adults 
and  is  more  common  in  males  than  in  females.  The  paroxysnis  are  excited 
by  cold  and  exertion  and  last  from  a  few  hours  to  a  day  or  twb.  It  is  thought 
by  some  observers  to  have  an  essential  relationship  to  Raynaud's  disease; 
by  others  to  malaria.  Pain  in  the  lumbar  region  is  common.  The  attacks 
may  be  ushered  in  by  chills  followed  by  fever;  more  commonly  the  tem- 
perature is  normal  or  slightly  subnormal.  They  recur  at  irregular  intervals 
for  an  indefinite  time. 

3.  Epidemic  HiEMOOLOBiNHRiA  OP  THE  New-born. — The  disease 
develops  about  the  fourth  day  and  attacks  a  large  proportion  of  the  infants 
in  the  maternity  institution  where  it  appears.  There  is  bloody  urine  with 
vomiting  and  purging,  jaundice,  hurried  breathing,  and  cyanosi8.  It  is 
rapidly  fatal.  Post-mortem  examination  reveals  enlargement  of  the  spleen 
with  punctiform  hemorrhages  upon  the  surface  and  in  the  parenchyma  of 
the  viscera.  This  disease  is  to  be  differentiated  from  icterus  neonatorum 
to  which  it  bears  only  a  superficial  resemblance. 

THE  REPRODUCTIVE  ORGANS. 

In  both  men  and  women  sexual  neurasthenia,  hypochondriasis,  and 
perversion  frequently  occur.  Ungratified  desire,  excessive  venery,  and 
unnatural  sexual  acts  are  more  commonly  the  alleged  than  the  actual 
causes  of  various  nervous  and  mental  diseases.  The  two  latter  are  prob- 
ably  manifestations  more  often  than  causes  of  such  forms  of  disease. 
Irregular  manifestations  niay  be  on  the  one  hand  psychical,  on  the  other 
physical;  frequently  they  are  both.  The  field  is  a  large  one  and  the  extent 
to  which  it  is  to  be  investigated  in  individual  cases  may  be  left  to  the  judg- 
ment  of  the  clinician. 

The  history  or  the  actual  manifestations  of  venereal  disease  in  a 
patient;  or  in  an  individual  with  whom  the  patient  has  had  sexual  relations^ 
are  often  of  great  importance  in  the  diagnosis  of  an  otherwi8e  obscure  čase. 
A  gonorrhoeal  discharge  may  solve  the  problem  of  an  obscure  and  intract- 
able  arthritis  or  indicate  the  nature  of  serious  tubal  or  other  pelvic  disease, 
and  explain  an  unlooked  for  ophthalmia  in  the  new-born.  Syphilitic  lesions 
or  the  scar  of  a  chancre  in  the  husband  may  be  the  key  to  the  solution  of 
obscure  nervous  symptoms  in  the  wife,  or  nutritional  disorders  and  lesions 
of  the  organs  of  special  sense  in  the  child. 

In  the  male,  priapism,  impotence,  and  spermatorrhoea  occur  as  impor- 
tant manifestations  of  disease. 

(a)  Priapism. — This  term  is  used  to  designate  abnormally  frequent 
and  prolonged  erection.  The  condition  is  not  associated  with  libido  sezualia 
but  with  distress  and  pain  and  constitutes  a  morbid  symptom. 
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It  is  often  manifest  in  a  mild  degree  in  young  boys.  Even  at  the  age 
of  one  or  two  years  it  may  be  painful  and  distressing  and  often  leads  to 
enuresis  nocturna.  It  may  be  due  to  phimosis  and  disappear  after  circum- 
cision.  In  the  adult  it  may  result  from  inflammatorv  irritation  of  the  ure- 
thral  mucosa.  It  may  follow  the  passing  of  a  bougie  and  is  very  common  in 
gonorrhcDa  and  in  the  chronic  inflammation  of  the  prostatic  portion  of  the 
urethra  in  those  who  have  practised  masturbation  or  indulged  in  sexual 
excesses  or  irregularities.  The  condition  may  be  due  to  exce8sive  stimula- 
tion  of  the  centre  in  the  lumbar  cord.  The  latter  form  eomes  on  during 
sleep.  The  patient  awakes  with  intensely  painful  priapism  unattended  by 
the  slightest  libido  sexualis.  This  presently  subsides  only  to  return  when, 
under  the  influence  of  deep  sleep,  the  inhibition  of  the  special  spinal  centre 
is  withdrawn.  In  severe  cases  sleep  is  seriously  interrupted  and  the  annoy- 
ance  of  the  patient  is  increased  by  the  discharge  of  a  thin  mucus  from 
Cowper's  glands  and  painful  neuralgia  in  various  parts  of  the  body.  Thia 
form  of  priapism  is  often  accompanied  by  impotence. 

Priapism  may  be  the  result  of  stone  in  the  bladder,  inflammation  of 
the  prostate,  a  perineal  abscess,  proctitis  or  periproctitis,  inflamed  hemor- 
rhoids,  or  poisoning  by  cantharides.  It  is  said  to  be  symptomatic  of  certain 
forms  of  neurasthenia  and  hysteria.  It  is  a  common  symptom  in  fractures 
of  the  spine,  especially  when  the  cervical  portion  is  in  vol  ved.  It  may  occur 
in  myelitis,  spinal  meningitis,  and  in  lesions  of  the  pons  and  cerebellum. 
It  occurs  in  hydrophobia  and  tetanus  and  has  frequently  been  observed 
in  leukaemia. 

(b)  Impotence— Impotentia  Coeundi — This  symptom  mav  be  me- 
chanical,  psychical,  irritative,  or  paralytic. 

1.  Mechanical  impotence  arises  from  congenital  or  acquired  dcformi- 
ties;  loss  of  substance  from  ulceration,  gangrene,  or  operation;  the  prcsence 
of  tumors,  as  hydrocele,  enormous  hernia,  elephantiasis  of  the  scrotum,  and 
the  like.  To  this  list  must  be  added  hypertrophy  of  the  organ,  tumor  of 
the  glands,  preputial  or  urethral  calculi  and  defect,  atrophy  or  destruction 
of  the  testicles.  To  this  group  of  causes  is  to  be  added  deviation  of  the 
erect  penis  from  abnormally  short  frsenum  and  various  infiltrations  and 
indurations  in  its  tissues.  A  rare  cause  of  impotence  is  deformity  due  to 
ossification  of  the  fibrous  tissue  in  the  organ. 

2.  PsTCHicAL. — This  form  of  impotence  arises  from  apprehension, 
shame,  or  self-distrust.  It  may  occur  alike  in  those  who  have  made  too 
great  exi)erience  and  in  those  who  have  made  none,  and  the  fear  of  it  fre- 
quently  leads  men  about  to  marry  to  take  medical  advice.  It  is  sometimes 
due  to  indifference,  aversion,  or  dislike  towards  a  particular  person  and  in 
rare  instances  to  constitutional  lack  of  sexual  feeling. 

3.  Irritative. — There  is  premature  ejaculation  or  even  ejaculation  in 
the  absence  of  sexual  approach.  This  mav  occur  in  healthy  individuals  after 
long  abstinence.  It  is  verv  often  due  to  local  irritation,  to  lesions  resulting 
from  urethritis,  or  to  excesses.  The  subjects  are  usually  neurasthenic, 
the  nervous  condition  being  the  cause  in  some  cases,  in  others  the  cffect 
of  the  sexual  irregularity. 

4.  Paralvtic. — Under  this  heading  are  to  be  grouped  thoee  forms  of 
impotence  caused  by  the  loss  of  power  to  react  to  pby8iological  stimuli  oo 
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the  part  of  the  8exual  nerves  or  their  centres.  In  the  atonic  cases  angeniia 
snd  relaxation  of  the  parts  are  present  and  the  patients  are  neurasthenic. 
Sexual  irregularities  and  excesses,  immoderate  indulgence  in  alcohol  and 
tobacco  are  causes.  Certain  drugs,  as  opium  and  its  derivatives,  nitre, 
the  salicvlates  and  the  hromides,  taken  in  large  doses  or  for  long  periods 
of  ti  me,  lead  to  this  form  of  impotence. 

Diseases  of  the  brain  and  spinal  cord  may  be  the  cause  of  paralytic 
impotence.  Tabes  dorsalis  and  other  aflfections,  characterized  by  im- 
paired  function  of  the  bladder  or  rectum  or  by  local  anaesthesia,  are  espe- 
cially  to  be  considered.  This  condition  is  also  symptomatic  of  diabetes 
mellitus,  obesity;  and  cachectic  states. 

(c)  Spermatorrhoea.  —  This  term  is  used  to  designate  the  patho- 
logical  discharge  of  seminal  fluid  which  takes  plače  without  erection  or 
8exual  sensation  during  the  act  of  micturition  or  defecation.  The  emissions 
which  occur  at  intervals  of  two  or  more  weeks  in  continent  young  men 
during  sleep,  and  which  are  accompanied  by  lascivious  dreams,  are  physio- 
logical  rather  than  pathological  and  are  not  to  be  considered  under  this 
heading.  When,  however,  these  emissions  recur  at  short  intervals,  or 
every  night,  they  become  symptomatic  of  disease  and  the  border-line 
b€tween  such  nocturnal  poUution  and  spermatorrhoea  is  no  longer  clearly 
defined.  Gonorrhoea,  onanism  and  sexual  excesses  are  liable  to  be  followed 
by  spermatorrhoea.  Constipation,  nervous  diarrhoea,  fissure  of  the  anus, 
8eat-worms,  and  proctitis  mav  act  as  accidental  causes.  The  patients  are 
neurasthenic  and  depressed,  complain  of  headache,  backache,  and  loss  of 
energy,  are  much  given  to  the  reading  of  advertlsements  upon  loss  of  man- 
hood  and  are  the  easy  prey  of  quacks.  A  large  proportion  of  those  who 
think  they  are  victims  of  this  disease  do  not  have  it,  but  suffer  from  chronic 
gonorrhoea,  prostatorrhoea,  urethrorrhoea,  and  forms  of  phosphaturift. 
The  microscope  is  essential  to  the  diagnosis,  and  it  is  necessary  when  sper- 
matozoids  are  present  to  ascertain  whether  or  not  a  sexual  act  has  preceded 
the  emission  of  the  fluid  in  question.  If  not,  and  especially  if  spermato- 
zoids  are  present  upon  repeated  examination,  the  diagnosis  becomes  posi- 
tive.  These  bodies  are  present  in  the  urine,  which  may  be  acid,  of  high 
specific  gravity,  and  contain  oxalates,  or  alkaline  with  phosphates. 

In  the  female  pruritus  vulvae,  leucorrhcea,  and  disorders  of  menstrua- 
tion  may  be  svmptomatic  of  various  local  and  general  conditions. 

(a)  Pruritus  Vulv«. — This  condition  is  a  common  result  of  inflam- 
matory  aflfections  and  displacements  of  the  womb,  ovarian  disease,  and 
aflFections  of  the  urethra,  bladder,  and  kidneys.  It  is,  especially  in  children, 
a  common  manifestation  of  seat-worms  and  is  very  often  the  first  symp- 
tom  of  the  diabetic  woman  to  attract  her  attention  to  her  condition.  This 
condition  on  the  one  hand  frequently  leads  to  masturbation;  on  the  other 
is  not  rarely  the  result  of  it. 

(b)  Leucorrhcea. — Vaginal  discharge  is  an  important  sign  of  many 
pelvic  diseases.  It  is  associated,  very  often  in  connection  with  pelvic 
inflammations  of  mild  grade,  with  the  ansemias,  especially  when  intense, 
with  conditions  of  debility  and  the  later  stages  of  chronic  diseases  when 
they  occur  in  early  life  and  in  particular  with  pulmonary  tuberculosis.  In 
young  children  a  purulent  discharge  indicates  vulvitis  or  vagiiritis,  whioh 
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niay  be  due  to  trauma;  filth,  ascarides,  or  gonorrhcea.  In  middle  life  an  offen- 
sive  sanguinolent  discharge  may  be  the  earliest  sign  of  car  činom  a  uteri. 
(c)  Menstrual  Derangements. — The  normal  menstrual  function  may 
be  deranged  in  various  ways.  It  may  be  absent  for  a  tirne  or  cease  alto- 
gether — amenorrhcea;  abnormally  profuse — menorrhagia;  or  attended  with 
much  distress  and  pain — dysmenorrhoea.  These  derangements  are  due  to 
local  and  to  constitutional  conditions. 

1.  Amenorrhcea. — Failure  in  the  function  may  be  a  manifest at ion  of 
arrested  development  of  the  ovaries  and  uterus.  The  intemiption  of 
menstruation  may  be  physiological  or  pathological. 

Physiological  amenorrhcea  is  a  characteristic  sign  of  pregnancy  and 
usually  persists  during  lactation.  There  are  important  exceptions  to  both 
these  rules.  In  very  rare  instances  there  is  a  slight  menstrual  discharge 
during  the  first  two  or  three  months  of  gestation  and  many  women  men- 
struate  regularly  during  the  period  of  nursing.  Amenorrhcea  occurs  in 
extra-uterine  foetation. 

Pathological  amenorrhcea  is  observed  in  conditions  of  malnutrition, 
as  in  overworked  school-girls,  in  those  suffering  from  chlorošis,  and  in 
wasting  diseases,  as  enteric  fever,  tuberculosis,  diabetes,  and  exophthalmic 
goitre.  It  may  be  symptomatic  of  powerful  depressing  psychical  states, 
as  anxiety,  worry;  or  grief,  and  of  nervous  aflFections,  as  hysteria,  or  of 
melancholia  or  other  forms  of  insanity,  and  not  infrequently  occurs  in  youDg 
immigrants.  It  is  common  in  morphinism  and  other  drug  habits  and  in 
cachectic  states,  whether  due  to  chronic  intoxication,  as  by  mercury  or 
lead,  or  to  malaria,  cancer,  nephritis,  leuksemia,  or  profound  ansemia  from 
any  cause.  The  retention  of  the  flow  which  takes  plače  in  cases  of  imper- 
forate  hymen,  atresia  vagina;,  and  analogous  conditions  cannot  be  regarded 
as  a  form  of  amenorrhcea. 

Dclay  in  the  establishment  of  menstruation  is  in  some  girls  consti- 
tutional and  often  hereditary;  its  early  cessation  may  in  some  instances  be 
accountcd  for  upon  similar  grounds.  There  are  healthy  women  who  cease 
to  menstruate  at  thirty  or  thirty-five.  Premature  menopause  may  be  due 
to  atrophy  of  the  ovaries  following  disease  or  their  operative  removal. 

So-callcd  vicarious  menstruation,  namely,  the  monthly  discharge  of 
blood  from  the  noše,  lungs,  stomach,  from  hemorrhoids,  ulcers  or  wounds, 
in  the  absence  of  the  normal  flow,  is  described.  There  is  no  physiological 
basis  for  such  a  phenomenon  and  it  is  probable  that  in  the  cases  described 
the  conditions  causing  amenorrhcea  have  also  caused  hemorrhages,  the 
regular  periodicity  and  duration  of  which  have  corresponded  to  the  men- 
strual period  less  in  faet  than  in  fancy. 

2.  Mknoruhagia. — Abnornially  profuse  menstruation  may  be  symp- 
tomatic  of  disorders  of  the  pelvic  organs  or  of  constitutional  disease.  It 
occurs  in  a  great  varietv  of  local  diseases  but  especially  in  chronic  endo- 
metritis,  submucoiis  myomata,  polypi,  and  iiterine  displacements.  Menor- 
rhagia is  an  occasional  symptom  in  ha?mophilia,  scurvy,  purpura  hsemor- 
rhagica,  and  leuksemia.  When  menstruation  takes  plače  in  the  course  of 
the  acute  infectious  diseases,  for  example  influenza,  enteric  fever,  or  variola, 
it  frequently  amounts  to  menorrhagia.  Other  conditions  in  which  this 
8ymptom  is  occasionally  observed  are  intense  jaundice,  phosphonui  poiaon* 


SYMPTOMS  AND  SIGNS:   REPRODUCTIVE  ORGANS.       573 

ing,  alcoholism,  cirrhosis  of  the  liver,  and  valvular  disease  of  the  heart. 
The  administration  of  certain  drugs,  as  ergot,  gossypium,  aloes;  and  the  oil 
p{  savine,  is  sometimes  followed  by  menorrhagia.  Irregular  menstruation, 
Bometimes  profuse,  not  infrequently  precedes  the  menopause. 

3.  DrsMENORRHCEA. — This  term  is  used  to  designate  collectively  the 
8ymptom-coraplex  in  difficult  menstruation  of  which  pain  is  the  ehief 
element.  The  morbid  conditions  in  which  it  occurs  may  be  arranged  under 
two  headings,  aflFections  of  the  sexual  system  and  general  diseases. 

Under  the  first  heading  are  to  be  included  those  diseases  in  which  there 
is  an  obstruction  to  the  outflow  of  the  menstrual  fluid,  as  in  eontraction  of 
the  internal  or  external  os  uteri,  congenital  narrowing  of  the  cervical  canal 
or  a  narrowing  aequired  as  the  result  of  flexions  of  the  uterus,  the  presence 
of  tumors  or  cicatricial  contractions  following  unwise  treatment.  This 
form  is  spoken  of  as  mechanical  dysmenorrhoea.  Here  also  are  to  be  con- 
sidered  the  dysmenorrhcDas  caused  by  irri table  or  inflamed  conditions  of 
the  mucosa  secondary  to  chronic  metritis,  displacements,  tumors  and 
disease  of  the  ovaries. 

Under  the  second  heading  we  include  the  dysmenorrhoea  of  neurotic 
persons — neuralgic  or  nervous  dysmenorrhoea.  This  form  is  common  alike 
in  badly-nourished,  ansemic,  unmarried  women  and  in  women  who  have 
borne  children.  Very  frequently  no  adequate  lesions  of  the  pelvie  viscera 
can  be  diseovered;  more  commonly  trifling  abnormalities  such  as  cause 
insignificant  symptoms  in  otherwise  well-nourished  and  healthy  women. 
The  patients  are  neurasthenic  and  frequently  hysterical.  The  symptom3 
vary  greatly.  In  many  cases  they  amount  merely  to  an  intensification  of 
the  ordinary  discomforts  which  attend  the  periodical  sickness;  in  others 
the  patient  may  writhe  with  anguish  or  manifest  the  most  intense  reflex 
phenomena  as  nausea,  vomiting,  headache,  or  convulsions.  Usually  these 
symptoms  subside  upon  the  establishment  of  the  flow;  sometimes  they 
continue  with  remissions  and  exacerbations  throughout  the  wh()le  period, 
and  in  some  cases  they  cease  entirely  only  to  recur  toward  the  close  of  the 
process. 

Membranous  dvsmenorrhcra — decidua  menstrualis — a  form  of  dys- 
menorrhcca  in  which,  with  recurring  menstruation,  hollow  membranous 
čast  s  of  the  uterus  are  expelled  with  great  pain.  These  casts  consist  of  a 
thickened  menstrual  decidua.  They  vary  from  membranous  fragments  to 
complete  triangular  casts  of  the  interior  of  the  womb,  8howing  the  openings 
of  the  tubes  and  the  internal  os.  They  are  usuallv  expelled  upon  the  second 
or  third  day,  sometimes  later.  The  pains  are  paroxy8mal  and  very  intense 
and  cease  immediately  upon  the  expulsion  of  the  membranes  from  the 
womb.  This  form  of  dysmenorrhoDa  is  sometimes  encountered  in  women 
BuflFering  from  chronic  metritis  or  endometritis.  It  is  very  chronic,  some- 
times continuing  throughout  the  entire  menstrual  life  of  the  individual. 
There  is  complete  relief  during  the  intermenstrual  periods.  The  condition 
is  to  be  diflferentiated  from  earlv  abortion  and  extra-uterine  pregnancy. 

4.  Metrorrhagia. — An  abnormal  uterine  hemorrhage  is  to  be  distin- 
guished  from  an  excessive  menstrual  discharge  or  menorrhagia,  with  which 
it  18,  however,  very  commonly  associated.  It  may  occur  in  diseases  of  the 
reproductive  organs  or  in  certain  general  affections.    Metrorrhagia  due  to 
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UkbI  dbsesuie  usually  indicates  diseage  of  the  utenis  and  mostlj  tbe  presnee 
of  new  frFijwthRf  namely,  carcinoma,  sarcoma,  or  fibroid  tumors.  The 
blee^Jing  iti  carcinoffia  at  first  takes  the  form  of  an  incresised  men^tru^ 
flow  uiiually  more  and  more  prolonged  and  frequently  accompanied  by  a 
more  or  leas  abundant  watery  dii$charge.  The  bloody  discharge  after  a 
tirne  peniHiH  during  the  intermen^trual  periods  and  becomes  whoIly  atvp- 
icaL  Tbe  occurrence  of  bleeding  in  women  who  have  passed  the  meno- 
pemne  in  very  suggestive  and  renders  an  examination  per  va^nam  at  ooce 
imf>erative.  The  metrorrhagia  of  sarcoma  and  in  particular  of  sarcoma 
involving  the  uterine  mucosa  presents  similar  characters.  Subseroua 
fibromata  do  not  bleed.  Those  situated  in  the  substance  of  the  utenis,  if 
near  the  serous  surface,  bleed  little  or  not  at  tdl.  Submucous  fibromata 
hUted  more  or  less  freely.  Necrotic  changes  in  uterine  neoplsismata  are 
attended  by  a  foul-smelling  discharge  in  which  shreds  of  broken-down 
ti»Kue  are  preden  t.  The  atypical  bleedings  which  attend  inflammatorv 
affection«  are  le««  frequent  and  less  profuse.  Those  which  are  caused  by 
mucouft  polvpi  are  often  profuse  and  continuous. 

JOxceptionally  metrorrhagia  occurs  in  valvular  disease  of  the  heart, 
e«f>ecially  mitral  «tenoHLs,  and  is  said  to  have  been  observed  in  cirrhosis 
of  the  liver.  Thi«  symptom  occurs  infrequently  in  the  acute  infectious 
febrile  di«ea«e«,  as  enteric  fever,  measles,  scarlet  fever,  variola,  cholera, 
and  malaria,  and  in  phosphorus  poisoning  and  scurvy.  In  the  last  the 
blood  los«  is  sometimes  copious.  Difficulties  arise  in  the  differential  diag- 
noHis  of  the  cause  of  the  bleeding  when  the  patient  suflFering  from  the 
forcgoing  diseases  has  also  local  conditions  in  themselves  capable  of  caus- 
ing  metrorrhagia  or  when,  during  the  acute  illness  or  shortly  before  its 
onset,  an  abortion  or  miscarriage  has  taken  plače. 


XIII. 

GENERAL  SVMPTOMATIC  DISORDERS  OF  THE 

NERVOUS  SVSTEM. 

PAIN. 

Pain  is  a  symptomatic  8ensory  neurosis.  The  pain  sense  is  to  be  dis« 
tinguished  from  the  tactile  sense,  the  pressure  sense,  and  the  thermal  sense. 
It  is,  however,  so  closely  associated  with  the  last  two  that  a  considerable 
degree  of  pressure,  unusual  heat,  or  intense  cold  is  accompanied  by  pain. 
Pain  is  in  the  strictest  sense  a  symptom.  It  is  purely  subjective,  hence  its 
value  in  diagnosis  is  to  a  large  degree  dependent  upon  the  individual 
peculiarities  of  the  sufTerer,  the  nature  of  the  primary  lesion  or  disease,  and 
concomitant  phenomena,  many  of  which  are  objective.  Judged  by  these 
standards  pain  is  a  svmptom  of  the  most  varied  intensity,  from  a  trifling 
discomfort  without  direct  diagnostic  significance  to  agony  so  extreme  as 
to  cause  death.  The  pain  sense  is  universally  distributed  throughout  tbe 
body,  the  only  structures  in  which  it  is  wholIy  lacking  being  the  hair  and 
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nails.  Variations  in  the  pain  sense  in  clifFerent  localities,  probablv  due  to 
modiRcations  in  the  sensory  nerve  supply,  must  be  invoked  in  explanatioi> 
of  the  diflFerent  kinds  of  pain  in  the  various  viscera  and  other  anatomical 
Btructures.  Etiological  factors  of  the  most  diverse  kind  have  to  do  with 
pain  in  its  relation  to  tirne,  as  shown  in  its  onset,  course,  and  decline. 

Pain  is  dependent  upon  consciousness.  In  profound  coma,  as  that  of 
surgical  ansesthesia,  consciousness  and  pain  are  alike  wholly  abolished. 
When  consciousness  is  less  completely  impaired  there  are  objective  mani- 
festations  of  painful  impressions,  though  the  patient,  upon  recovering^ 
may  have  no  recollection  of  pain.  Pain  may  be  absent  in  shock.  Individ- 
uals  usually  make  no  complaint  of  pain  during  the  period  of  shock  follow- 
ing  gun-shot  wounds  or  other  severe  traumatism.  Under  these  circum- 
stances  pain  comes  on  as  shock  subsides. 

Etiology. — Pain  is  functional  or  organic.  The  temporary  pain  in  over- 
worked  muscles  is  functional.  The  pain  in  pleurisy  and  gastric  ulcer  is 
organic.  Pain  occurs  as  a  more  or  less  prominent  symptom  under  the 
following  conditions: 

1.  Excessive  or  unduly  prolonged  physiological  activity,  either 
physical,  as  in  muscular  strain  or  fatigue,  or  psychical,  as  in  the  head- 
ache  which  follows  undue  intellectual  efFort.  The  pains  of  parturition 
are  phy8iological. 

2.  Traumatism  of  ali  kinds. 

3.  Circulatory  disturbances.  (a)  Passive  congestion.  An  example  of 
pain  thus  caused  is  to  be  found  in  thrombosis  of  the  crural  vein,  formerly 
known  as  phlegmdsia  alba  dolens.  (b)  Active  hyper{emia,  for  example,  the 
cutaneous  pain  of  local  irritants,  as  heat,  cold,  mustard  and  the  like.  Pain 
in  the  region  of  the  spleen  after  running  is  an  example  of  visceral  pain  due 
to  this  cause.  (c)  Anflemia.  Examples  of  this  form  of  pain  are  headache 
upon  exertion  and  the  neuralgias. 

4.  Inflammation.  Pain  is  a  prominent  symptom  in  ali  forms  of 
inflammation. 

6.  ToxsBmia.  The  ofFending  substance  or  substances  in  the  blood 
may  be  the  result  of  (a)  infection,  as  in  the  acute  specific  fevers  and  malaria; 
(b)  incomplete  or  perverted  physiologicochemical  processes  or  the  defec- 
tive  elimination  of  waste,  as  in  the  headache  of  uraemia  and  diabetes  and 
the  pains  of  gout,  rheumatism,  and  lithaemia;  (c)  the  action  of  drugs  or 
poisons.  Pain  due  to  this  cause  may  be  hyperajmic,  as  in  the  head  pain 
produced  by  amyl  nitrite  and  quinine;  inflammatory,  as  in  the  later  stages 
of  narcotic  poisoning;  purely  nervous,  as  an  abstinence  symptom  in  mor- 
phinism  and  the  pains  of  the  chloral  habit  and  lead  colic. 

6.  Changes  in  the  arteries.  Example8  of  pain  due  to  this  cause  are 
found  in  8yphilis,  chronic  alcoholism,  chronic  lead  poisoning,  migraine, 
and  aneurism.  To  this  general  topic  must  also  be  referred  the  pain  in 
intermittent  claudication  and  angina  pectoris. 

7.  Ali  organic  painful  diseases.  abscess,  tumor,  both  benign  and 
malignant,  and  various  diseases  of  the  viscera,  whether  the  pain  be  due  to 
changes  in  the  organ  itself  or  disturbance  of  adjacent  structures  by  pres- 
8ure  or  displacement. 

8.  Caries  and  other  diseases  of  the  bones. 
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9.  Neuropathic  conditions,  for  exaTnple,  neurasthenia,  h^-steria,  tabes, 
dyNmenorrhoDa,  and  tetanus. 

10.  Reflex  irritation,  as  the  supra-orbital  pain  in  indigestion  and  the 
variouB  localizcfl  head  pains  of  eye-8train,  pain  in  the  external  auditory 
mcatu«  in  dontal  irritation,  and  coccygodynia  in  uterine  disease.  Anal- 
o^ouH  aro  the  pains  in  the  knee  which  occur  in  hipv-disease  and  painful 
nonsationH  due  to  the  irritation  of  the  nerve  stump  referred  to  the  hand  or 
foot,  aH  the  caso  mav  be,  in  an  amputated  limb. 

The  cause  of  pain  is  very  often  simple.  In  many  cases,  however,  it  is 
cotnpIcx,  two  or  more  of  the  foregoing  faetors  being  operative. 

Mode  of  Expression  of  Pain. — Pain  must  be  studied  subjectivelv, 
as  we  oxporionce  it  in  our  own  person,  and  objectivelv,  as  manifested  by 
tho  movomonts,  attitudes,  and  verbal  descriptions  of  the  suflFerer. 

Suhjoriively  we  know  that  certain  external  impressions  give  rise  to 
tho  HCMiHution  of  pain  and  that  this  sensation  is  accompanied  by  movements 
of  with(lrawal  from  the  ohject  causing  the  pain,  by  particular  attitudes  of 
tlio  bodv  and  contortions  of  the  facial  muscles.  Under  certain  cireumstances 
thoro  aro  iiiarticulate  sounds,  cries  or  groans  expressive  of  pain;  these 
pliononiona  aro  varicd  according  to  the  suddenness  and  the  intensity  of  the 
pain  and  its  cliaracter. 

Objootivolv  we  rocognize  in  these  phenomena  a  manifestation  of  pain 
in  othors.  The  gosturos  that  are  characteristic  of  diflFerent  varieties  of  pain 
havo  boon  dos(Til)od  by  W.  H.  Thomson.  In  pains  due  to  inflammation 
tlio  pationt  avoids  touching  the  painful  part,  or  approaches  it  very  cau- 
tiousiv.  Tlius  tho  hand  passes  over  an  inflamed  joint  with  a  hovering 
grsturo.  If  tlio  pain  bo  deoper  seated  the  gestures  are  indicative  of  its 
distribution  and  tho  character  of  the  inflamed  tissue.  Thus  the  substernal 
pain  of  bn>n('liitiv^  as  indicated  by  the  whole  hand  laid  upon  the  sternum 
and  passod  ovor  tho  cliost.  In  plourisv  the  location  of  the  pain  is  indicated 
by  tiio  tips  of  tlio  straightoneil  fingers,  the  natural  gesture  expressive  of 
tho  stabbing  or  lanoinating  character  of  the  pain.  Precordial  pain,  if 
so\ort\  is  indicatod  by  tho  tips  of  the  bent  fingers.  The  gestures  by  which 
abdominnl  pnin  is  indicatoti  are  equally  significant.  In  pains  associated 
Nvitl\  losions  of  tho  intostinos  the  open  hand  is  passed  over  the  abdomen 
N\ith  a  rotarv  movomont.  In  the  localizoil  pain  of  appendicitis  the  open 
hai\d  is  hoKl  ovor  tho  atTocto^l  aroa  with  the  fingers  lightly  flexed.  In  peri- 
toi\itis  tho  tips  of  tho  tingi^rs  are  useil  but  thev  touch  the  surface  ver>*  gentlv 
and  cautioiislv.  l.ooal  pains  rosulting  fn^m  visceral  disease  or  colic  are 
it\dioatiHl  by  loss  cnaniinl  gosturos;  radiating  pains  by  a  repeated  sweep 
ot  tho  lian  vi  in  tho  saiv.o  dirootion:  d.  istem  ion  pains  and  colic  by  a  firm 
prt^ssr.rt^  r.p^^n  tho  alvioir.on:  nouralgic  pains  by  repeated  firm  prese^ing 
M\ovonuM\t>  of  tb.o  har.vi  ir.  tho  dirootion  of  the  involved  ner%'e.  The  light- 
nit^c  pains  of  taN^  an^  ottor.  iniiicaTOvi  bv  a  ouick  sweep  of  the  tips  of  the 
t^ncvi-s  alt^v.c  tV,o  /,:r.b. 

Tl.o  sV.r^v.krc  of  t!. o  \vho'o  lvx:y  or  o:  a  n.eir.ber  frv^^m  an  objeet  ca- 
paMo  ot'  ca;;^inc  or  ir.ort\*is:r.i:  rai::  :>  a  chAractor.suc  ces^ture;  so  aJso  is  the 
bn^pinjc  ^a::  ;n  painful  ox":\.::::or.s  of  a  Iower  extTipmity.  For  dia^noedc 
purjvvs^^s  i:  :s  isr.iv^rtant  to  Ivar  :n  rvin^i  :he  fact  that  limpingis  freqiiaitl7 
<lu<*  to  n^stricto^i  n;o\^mont  not  necessarilv  accompamied  hy  pun.    Veij 
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characteristic  are  the  attitudes  in  certain  painful  affections:  retraction 
of  the  head  in  meningitis,  the  shallow  breathing  and  flexion  of  the  trunk 
toward  the  aflfected  side  in  plastic  pleurisy,  the  strong  bending  forward  in 
colic,  the  rigid  trunk  and  flexed  thighs  in  peritonitis,  the  semiflexion  and 
immobilization  of  inflamed  joints. 

Sudden  immobility  of  the  whole  body  is  diagnostic  of  angina  pectoris. 

The  facies  of  pain  constitutes  a  most  important  objective  manifesta- 
tion,  whether  it  be  the  contorted,  dusky  pale  face  of  sudden  agony  or  the 
drawn  and  pallid  countenance  of  prolonged  and  repeated  suflFering.  Severe 
pain,  e8pecially  when  paroxysmal,  is  frequently  aeeompanied  by  dilatation 
of  the  pupils,  rapid  respiration,  flushing  or  pallor,  free  sweating,  increased 
arterial  tension,  and  sensations  of  faintness.  Inarticulate  sounds  and  invol- 
untary  exclamations  are  familiar  objective  manifestations  of  sudden  and 
intense  pain. 

Some  of  the  objective  manifestations  of  pain  are  involuntary  and 
cannot  be  simulated;  others  may,  with  or  without  the  conscious  intention 
to  deceive,  be  feigned  or  exaggerated.  By  the  verbal  description  we  gain 
information  as  to  the  location,  character,  inten8ity,  and  duration  of  pain, 
and  the  patient^s  opinion  as  to  its  cause.  The  accounts  are  much  raodified 
by  the  temperament,  power  of  expression,  and  general  experience  of  the 
suflFerer. 

Not  only  the  ability  to  express  the  subjective  sensation  of  pain  varies 
greatly  but  also  the  susceptibih'ty.  There  are  on  the  one  hand  individuals 
in  whom  the  pain  sense  is  but  slightly  developed;  on  the  other  those  in 
whom  it  is  present  to  an  abnormal  and  excessive  degree. 

There  are  racial  difTerences  in  the  susceptibility  to  pain  and  the  mode 
of  expressing  painful  sensations.  The  Latin  races  manifest  a  greater  sus- 
ceptibility  to  pain  than  the  Anglo-Saxons.  Oriental  apathy  is  proverbial. 
On  the  other  hand  Hebrews  appear  to  have  a  peculiar  susceptibility  to  pain. 

The  individual  susceptibility  is  much  modified  by  temperament. 
Phlegmatic  persons  sufTer  less  and  show  such  sufferings  as  they  experience 
much  less  forcibly  than  those  of  sanguine  or  nervous  temperament.  The 
neurotic  individual  suffers  in  proportion  to  the  instability  of  his  nervous 
organization.  The  pains  of  hypochondria  and»  hysteria  are  probably  of 
central  origin.  They  are  of  irregular  distribution,  inconstant,  and  occur 
independently  of  the  recognized  causes  of  pain.  They  are  probably  none 
the  less  real.  They  diminish  in  intensity  or  disappear  when  the  patient^s 
attention  is  diverted  from  them  and  are  aggravated  by  suggestion.  The 
painful  aura  of  epilepsy  is  also  of  central  origin.  Fright,  expectation,  and 
dread  intensifv  painful  impressions. 

Somewhat  analogous  to  the  influence  of  temperament  is  that  of  the 
power  of  expression.  The  manifestations  of  pain  are  sometimes  much  less 
marked  in  the  rude  and  uneducated  than  those  in  the  higher  walks  of  life. 
Apathy  is  a  striking  mental  condition  in  hospital  patients. 

Experience  is  not  less  important.  Habitual  exposure  to  hardship 
benumbs  the  pain  sense.  On  the  other  hand  a  life  of  refinement  and  luxury 
exalts  it.  Prolonged  suffering  or  frequent  recurrence  of  painful  sensations 
augments  the  sen8ibility  and  each  recurrence  becomes  less  endurable. 
There  is  a  popular  phrase  to  the  efifect  that  the  patient  is  ivam  out  unih  pain 
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The  manifestations  of  painful  sensations  are  much  influenced  by  dr- 
cumstance  and  motive.  Consciousness  of  pain  is  greatly  diminished  during 
intense  religious  or  other  excitement  and  upon  the  field  of  battle.  When 
the  excitement  subsides  pain  asserts  itself.  The  repression  of  the  mani- 
festations of  pain  by  religious  fanatics,  the  stoicism  of  captives  under  tor- 
ture,  and  the  fortitude  with  which  the  brave  endure  suffering  set  coramon 
experience  at  naught  and  emphasize  the  purely  subjective  nature  of  pain 
as  a  symptom.  Not  uneommonly  patients  understate  their  siifferings 
either  from  motives  of  pride  or  reserve  or  in  order  to  avoid  operation  or 
treatment.  On  the  other  hand  patients  frequently  appear  to  overstate 
their  sufTerings  in  order  to  secure  sympathy  or  for  other  obvious  motives. 
Women  are  more  susceptible  to  pain  than  men  and  according  to  circum- 
stances  manifest  it  with  greater  intensity  or  endure  it  with  greater  fortitude. 

The  patient's  dcscription  of  his  sufferings,  the  charaeter  of  the  con- 
comitant  phenomena,  and  the  presence  of  an  obvious  cause  will  enable  the 
physician  to  form  an  estimate  of  the  significance  of  pain.  In  young  chfl- 
dren,  in  certain  forms  of  insanity,  and  under  other  circumstances  in  which 
patients  are  unable  to  describe  their  sensations  the  objective  manifestations 
of  pain  are  of  diagnostic  value  in  determining  its  seat  and  intensity.  The 
phvsieian  must  be  on  his  guard  in  any  particular  čase  against  under-esti- 
mating  the  importance  of  pain  or  being  deceived  by  its  unintentional  or 
purposeful  exaggeration. 

Varieties  of  Pain. — Pain  in  the  broadest  sense  may  be  considered  as 
parenchymatous  or  neuralgic.  In  the  former  the  terminal  8ensory  fila- 
ments  are  irritated;  in  the  latter  the  nerve-trunks,  the  sensory  roots,  or  the 
sensory  centres.  Parenchvmatous  pain  is  as  a  rule  less  intense  than  neu- 
ralgic pain  and  the  spontaneous  remissions  are  less  marked.  In  the  former 
the  pain  in  the  whole  affected  region  is  increased  by  pressure,  while  in  the 
latter,  though  in  some  cases  the  entire  region  is  tender  under  pressure, 
the  general  rule  is  that  the  tenderness  is  localized  to  the  course  of  the  ner>'e- 
trunk,  especially  when  it  is  superficial  or  overlies  a  bone  or  makes  its  exit 
through  dense  fasciae — so-called  tender  points.  An  example  of  parenchvm- 
atous pain  is  that  which  occurs  in  visceral  diseases  and  the  diffuse  head- 
aches;  examples  of  neuralgic  pains  are  the  various  actual  neuralgias  which 
occur  as  primary  affections  in  persons  otherwise  in  fair  health,  in  the  ca- 
chectic  and  broken-down,  and  as  secondary  affections  in  gout,  syphilis,  and 
diabetes  and  the  lightning  pains  of  spinal  disease,  especially  tabes.  The 
pains  originating  from  suggestion  and  autosuggestion  and  many  of  the 
forms  of  hysterical  pain  are  of  central  origin  and  may  be  regarded  as 
parenchymatous. 

Pain  has  been  described  as  acute,  sharp,  lancinating,  dull,  throbbing, 
grinding,  shooting,  burning,  chilling,  shivering,  boring,  creepy,  gripingor 
colickv,  itching  and  formicating.  These  descriptive  adjectives  indicate  not 
so  much  distinct  variations  in  the  quality  of  pain  as  the  simultaneous 
recognition  of  other  associated  sensations;  hence,  the  descriptions  of  pain 
are  often  complex  or  picturesque  in  proportion  to  the  vividneas  of  the 
patient^s  imagination  and  his  powers  of  expression. 

(a)  Acute  Pain — Sharp,  Lancinating,  or  Stabbing. — ^Tbese  adjec- 
tives are  employed  to  describe  the  pain  which  attends  acute  JnflamTnatifmi 
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of  serous  membranes,  as  pleurisy,  pericarditis,  and  peritonitis;  the  pains 
of  acute  arthritis;  acute  neuralgias;  the  painful  forms  of  neuritis;  acute 
phlegmonous  inflammation,  and  the  pains  of  thoracic  aneurism.  The 
lightning  pains  of  tabes  belong  to  this  group  and  are  characterized  by 
their  suddenness,  brief  duration,  and  intensity.  They  are  sometimes  spoken 
of  as  shooting  pains. 

(b)  DuLL  PAIN  is  symptomatic  of  inflammation  of  the  mucous  mem- 
branes and  the  viscera.    It  occurs  also  in  chronic  inflammations. 

(c)  Throbbing  or  pulsating  PAIN  is  encountered  in  acute  superficial 
phlegmonous  inflammations.    This  is  the  pain  of  whitlow — paronychia. 

(d)  Grinding,  burning,  or  gnawing  are  adjectives  used  to  describe 
the  pain  which  occurs  in  diseases  of  the  bones  and  periosteum,  in  aneurism 
of  the  thoracic  and  abdominal  aorta,  in  carcinoma  of  the  viscera  and  of 
the  breast.  Pain  of  this  kind  sometimes  occurs  in  lithsemic  conditions  and 
in  the  later  stages  of  acute  gout.  The  localized  neuralgic  pain  in  the  head, 
known  as  clavus,  and  the  persistent  local  pains  which  occur  in  some  forms 
of  tabes  are  described  as  boring. 

(e)  Aching  pains  are  not  unlike  the  preceding.  They  are  usually 
persistent  and  intense  and,  when  severe,  throbbing.  Aching  is  a  term 
used  to  describe  pains  in  the  head,  those  resulting  from  dental  caries 
and  forms  of  neuritis  and  myalgia,  especially  lumbago — hence,  cephalalgia, 
odontalgia,  rhachialgia.  The  pains  which  occur  in  the  initial  period  of 
acute  infectious  diseases,  as,  for  example,  variola,  influenza,  and  dengue, 
and  are  referred  to  the  bones  and  muscles,  are  of  this  character.  They 
are  frequently  associated  with  painful  sensations  of  chilling  or  shiver- 
ing  and,  since  they  spread  from  one  part  to  another,  are  often  described 
as  creeping. 

(f)  Burning  pain  occurs  in  the  superficial  cutaneous  lesions  caused 
by  intense  heat  or  the  action  of  the  sun's  rays,  and  caustic  applications. 
It  is  characteristic  of  certain  forms  of  neuritis.  Circumscribed  neuralgias 
are  frequently  associated  with  the  sensation  of  burning  pain — causalgia. 

(g)  Itching  pain  occurs  in  irritable  states  of  the  mucous  membranes, 
such  as  attend  certain  forms  of  conjunctivitis,  some  acute  diseases  of  the 
upper  air-passages,  and  hay  fever  and  some  forms  of  inflamed  hemorrhoids. 
Formication  is  a  term  used  to  describe  a  sensation  like  that  of  ants  or  other 
insects  crawling  over  the  skin.    It  is  occasionally  painful. 

(h)  Griping  or  colicky  pains  are  those  which  attend  the  overaction 
of  the  muscular  walls  of  tubal  structures.  Flatulent  or  other  distention 
of  the  stomach  or  intestines  induces  pain  of  this  kind — popularly  gripes 
or  belly-ache.  The  pains  upon  overaction  of  the  muscular  wall  of  the  intes- 
tines caused  by  indigestible  food,  cathartic  drugs,  irritant  poisons,  and 
certain  infections,  as  those  of  cholera  morbus  and  cholera  Asiatica,  are 
colicky.  To  this  group  belong  also  the  intense  paroxysmal  pains  which 
attend  the  passage  of  hepatic  and  renal  calculi — biliary  colic;  renal  colic, 
These  pains  are  frequently  spoken  of  as  cramp,  a  term  also  applied  to 
painful  contraction  of  the  skeletal  muscles,  as  those  of  the  calf,  toes,  fin- 
gers,  the  pains  of  tetanus  and  strychnine  poisoning  and  those  which  occur 
in  habitually  over-used  muscles  in  certain  occupations — writer'8  cramp, 
piano-player'8  cramp. 
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(i)  Tenesmub  is  the  term  used  to  describe  the  painful  bearing-down  or 
straining  sensations  which  accompany  expulsive  efifort«  from  the  outlets 
of  the  pelvic  organs  under  certain  abnormal  conditions,  as  urination  when 
there  is  acute  inflammation  of  the  bladder,  urethra,  or  prostate  gland,  or 
stricture;  defecation  in  proctitis  or  inflamed  piles  or  hydatid  or  other 
tumors  compressing  the  rectum.  The  bearing-down  pains  of  labor  are 
tenesmic. 

Pain  is  modified  by  physical  and  psychical  influences.  Among  the 
former  are  pressure,  mechanical  irritation,  movement,  and  rest. 

Modifications  by  Physical  Causes. — The  pain  which  is  caused  by 
pressure  and  the  inerease  of  pain  upon  pressure  are  described  as  tenderness. 
This  will  be  discussed  later  under  a  separate  heading. 

Mechanical  irritation  causes  pain  or  aggravates  it  in  inflammation 
and  ulceration  of  mucous  membranes,  as  in  aphthous  and  other  forms  of 
stomatitis,  angina  tonsillaris,  peptic  ulcer  and  fissure  of  the  anus,  inflamed 
hemorrhoids,  and  in  various  lesions  of  the  tegumentary  structures.  Even 
slight  mechanical  irritation  of  the  normal  mucous  membrane  of  the  orifices 
of  the  body  causes  pain,  as  the  presence  of  a  minute  foreign  hody  under 
the  eyelid,  the  introduction  of  a  probe  into  the  nasal  chambers,  or  the 
passing  of  an  urethral  bougie. 

Movement  aggravates  the  pain  of  wounds,  fractures,  and  inflammations. 
The  pain  which  attends  acute  inflammation  of  serous  membranes  is  esf«- 
cially  increased  upon  movement,  as  is  to  be  observed  upon  f  ull  inspiration 
in  pleurisy  and  upon  flexion  and  extension  of  the  thigh  in  peritonitis. 
Movement  intensifies  the  pain  of  arthritis,  hence  the  involuntary  immobili- 
zation  of  the  joints  and  the  relief  afforded  by  splints.  Movement  also  greatlv 
increases  the  pains  of  vertebral  disease  and  neuritis.  The  pains  of  myalgia 
and  of  ali  acute  inflammations  involving  the  muscles  are  augmented  by 
movement  of  the  affected  part.  In  many  instances  the  pains  of  inflamma- 
tory  conditions  and  of  visceral  disease  are  increased  by  the  motion  of  the 
body  in  transportation. 

Rest,  upon  the  contrary,  is  commonly  attended  with  remission  of  pain; 
functional  rest,  by  its  temporary  disappearance,  as  in  myalgia,  the  headache 
of  eye-strain,  headache  from  prolonged  study,  and  the  pain  of  gastric  ulcer. 
The  foregoing  facts  indicate  the  value  of  attitude,  posture,  and  movement 
in  determining  the  diagnostic  significance  of  pain. 

Cold  and  heat  modify  pain.  Hot  applications  are  usually  soothing; 
cold  applications  only  occasionally  afford  relief.  The  application  of  beat 
or  cold  to  the  spine  may  indicate  the  level  of  disease  by  local  intensification 
of  pain.  Applications  of  heat  or  cold  frequently  enable  the  dentist  to 
locate  the  offending  tooth  in  diffuse  pain  involving  the  distribution  of  the 
dental  branches  of  the  fifth  nerve. 

Seasonal  influences  modifv  habitual  tendencies  to  pain.  The  paina  of 
chronic  arthritis,  gout,  and  neuralgia  are  worse  in  cold  and  damp  weatber, 
better  when  it  is  warm  and  dry.  The  influence  of  climate  upon  such  chronic 
painful  afFections  is  similar;  dry,  equable,  warm,  inland  climates  being 
more  favorable  than  those  of  the  opposite  characteristics. 

Modifications  by  Psychical  Causes. — Among  the  psychical  influencei 

which  modify  pain  and  \la  tu«ltu\q;«>\,b.\Kow^,  \w\«i!kaft  ^motion,  exeiteiiient, 

pride,  and  .fortitude  bave  a\T^«iA>j  >q^^tv  m%w\:\wi^.    ^^^^^(^«»&  \BabewMa^  ^ 
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more  importance  in  diagnosis  are  diversion,  preoccupation,  expectant 
attention,  suggestion,  and  autosuggestion.  They  may  be  active  under 
certain  circumstances  and  to  some  extent  in  almost  any  kind  of  pain;  but 
they  are  agencies  of  especial  importance  in  neurotic  persons  and  in  those 
Buffering  from  hysteria,  neurasthenia,  and  hypochondriasis.  Not  only  are 
the  pains  for  which  there  are  no  obvious  physical  causes  augmented  or 
diminished,  or  made  to  disappear  or  shift  to  other  parts,  by  purely  psychical 
influences,  but  even  those  which  attend  actual  injury  and  manifest  disease 
may  be  greatly  modified  for  a  brief  period  of  time.  In  the  hypnotic  state 
pre-existing  pain  may  be  made  to  disappear  and  definite  pain  aroused 
with  readiness.  It  is  evident  that  persons  of  great  determination  may 
inhibit  the  manifestation  of  pain  under  the  stress  of  powerful  motives. 
There  are  also  rare  individuals  who  appear  to  be  able  to  inhibit  the 
sensation  of  pain. 

Time. — Pain  in  relation  to  time  may  be  occasional,  constant,  persistent, 
intermittent,  recurrent,  or  paroxysmal.  Pain  that  continues  for  any  length 
of  time  shows  marked  remissions  and  exacerbations.  The  remissions  are 
due  to  functional  exhaustion  of  the  pain  sense. 

Distiibution. — Pain  may  be  (a)  diflFuse  or  general,  or  (b)  circum- 
Bcribed  or  local. 

DiFFUSE  PAIN  is  symptomatic  of  the  stage  of  onset  in  the  majority 
of  the  acute  febrile  infections.  It  varies  in  intensity  from  a  mere  sense  of 
malaise  or  general  soreness,  as  in  enteric  fever,  to  the  severe  aching  of 
influenza,  dengue,  or  variola.  It  occurs  also  in  angina  tonsillaris,  partic- 
ularly  the  lacunar  form,  and  in  trichiniasis.  DiflFuse  pains  attend  certain 
stages  of  some  chronic  diseases,  as  syphilis,  lithsemia,  and  saturnine  and 
mercurial  intoxication.  They  are  sometimes  described  as  vague  and  are 
often  shifting.  They  are  probablv  peripheral  in  origin  and  due  to  the 
action  upon  the  nervous  svstem  of  toxic  substances  in  the  blood. 

Circum8Cribp:d  or  local  pain  occui-s  as  a  symptom  in  the  greatest 
variety  of  morbid  conditions.  It  is  in  fact  the  most  common  and  most 
important  of  the  subjective  manifestations  of  disease.  Its  value  in  diag- 
nosis depends  largelv  upon  the  ability  of  the  physician  to  estimate  the  ac- 
curacy  of  the  verbal  description,  the  spontaneity  of  the  accompanjang 
objective  phenomena,  the  anatomical  relationships  of  the  pain  itself,  the 
underlying  pathological  process,  and  the  importance  of  alleged  or  manifest 
causes.  Pain,  and  in  particular  local  pain,  mav  be  a  danger  signal,  a  sign 
post,  a  gauge  of  the  progress  or  extension  of  disease,  a  counter  check  to 
objective  phenomena,  or  it  may  be  to  the  un\vary  or  ill-informed  phvsician 
a  delusion  and  a  snare. 

Feis:ned  Pain. — The  simulation  of  pain  is  common  enough  in  malinger- 
ing,  neurasthenia,  and  hysteria.  The  motives  of  malingering  are  innumer- 
able.  In  neurasthenia  and  hysteria  they  usuallv  consist  of  a  morbid  crav- 
ing  for  sympathy.  The  detection  of  simulated  pain  is  in  some  cases 
attended  with  difficulties  that  are  insurmountable.  In  malingering  the 
simulation  of  pain  is  usually  overdone.  The  distribution  of  the  pain  does 
not  conform  to  known  anatomical  rules.  Suggestion  is  of  importance.  The 
objective  phenomena  commonly  associated  with  intense  pain  are  wanting 
or  incongruous. 
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To  properly  estimate  the  value  of  pain  in  an  obscure  čase  it  is  some- 
times  desirable  to  have  the  patient  under  the  close  observation  of  an  experi- 
enced  nurse  or  attendant  or  in  a  hospital  for  some  days. 

Sis:nificance  of  Pain. — In  general  terms  local  pain  is  symptomatic  of 
disease  of  the  part  to  which  it  is  referred.  Organic  headache,  angina  ton- 
sillaris,  the  pain  in  the  side  in  pleurisy,  in  the  abdomen  in  peritonitis,  in 
the  joints  in  arthritis,  and  various  forms  of  pain  due  to  traumatism,  are 
examples  of  the  relationship  of  local  pain  to  local  disease.  As  regards  the 
anatomical  structure  involved  pain  may  be  tegumentary,  muscular,  osseous, 
visceral,  or  neiiral.  Very  commonly  the  pain  is  also  limited  to  the  region  or 
organ  aflfected.  But  there  are  numerous  exceptions  to  these  statements, 
and  we  find  local  pain  frequently  symptomatic  of  a  pathological  process  in 
a  distant  part,  or  local  disease  causing  pain  in  an  extended  area.  The 
rccognition  of  these  facts  is  of  cardinal  importance  in  estimating  the  value 
of  local  pain  in  diagnosis. 

Referred  Pain. — A  familiar  example  is  the  intense  pain  over  the  supra- 
orbital  notch  sometimes  felt  upon  eating  an  ice.  The  organ  aflfected  is 
probably  the  stomach,  the  location  of  the  pain  being  determined  by  the 
association  of  sensory  nerves  from  that  organ  with  the  trifacial.  Verv 
curious  instances  of  referred  pain  have  been  reported — a  čase  in  which 
rubbing  the  forearm  caused  pain  in  the  chest;  another  in  which  rubbing 
or  pinching  a  mole  on  the  leg  was  attended  by  sharp  pain  in  the  chin. 

Referred  pains  manifest  themselves  in: 

1.  Symmetrical  Areas. — A  čase  is  reported  by  Mitchell  in  which  a 
shell-wound  of  the  right  foot  at  once  gave  rise  to  burning  pain  in  both  feet. 
A  shell-wound  of  the  left  thigh  caused  an  immediate  reference  of  pain  to 
the  same  area  on  both  sides,  so  that  the  patient  supposed  he  was  shot 
through  both  thighs.  Again,  an  injury  to  the  median  and  ulnar  nerves  was 
attended  by  pain  in  the  opposite  hand. 

AUochiria  is  the  name  given  to  the  phenomenon  of  pain  or  other  sen- 
sation  referred  to  a  symmetrical  area.  It  has  been  observed  in  tabes  and 
in  postdiphtheritic  neuritis. 

2.  FuNCTioNALLY  AssociATED  Organs.  —  Pain  in  the  mammae  is 
common  in  congestion  of  the  pelvic  organs  and  dysmenorrhoea;  pain  in 
the  glans  penis  or  testicle  in  renal  colic;  diflfuse  pain  in  the  abdomen  in  the 
earlv  stage  of  appendicitis. 

3.  Segmental  Areas.  —  Visceral  disease  is  frequently  attended  by 
pain  and  tenderness  referred  to  areas  corresponding  to  the  nerve  supplv 
of  a  given  spinal  segment.  The  aflfected  organs  receive  their  8ensory  nerve- 
fibres  from  the  same  segment  of  the  spinal  cord  from  which  arise  the  fibres 
of  the  scn8ory  areas  to  which  the  pain  is  referred.  In  the  words  of  Head: 
"  As  the  sen8ory  and  localizing  power  of  the  surface  of  the  body  is  enor- 
mously  in  excess  of  that  of  the  surface  of  the  viscera,  an  error  of  judgment 
occurs,  the  diflfusion  area  being  accepted  by  consciouSness  and  the  pain 
referred  to  the  surface  of  the  body  instead  of  to  the  organ  actually  aflfected." 
Hence  the  pain  in  intestinal  colic  is  referred  to  the  whole  abdomen;  that  of 
hepatic  colic  to  the  epigastric  zone,  and  that  of  renal  colic  to  the  lumbar 
region.  So  also  pain  in  the  heart.  lungs,  liver,  and  stomach  may  be  referred 
to  areas  innervated  by  the  cranial  nerves  and  nerves  given  off  from  the 
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cervical  plexus,  and  the  pain  in  disease  of  the  pelvic  organs  is  very  com- 
monly  referred  to  the  back.  A  striking  example  of  this  kind  of  pain-refer- 
ence  is  seen  in  the  pam  and  exquisite  tenderness  of  the  right  hypochondrium 
sometimes  encountered  in  diaphragmatic  pleurisy. 

4.  LoNGiTUDiNALLY  Related  Areas. — Pain  arising  in  the  course  of 
a  nerve  may  be  referred  to  its  terminal  distribution.  The  pain  in  the  stump, 
which  appears  to  be  in  the  amputated  foot,  is  a  familiar  example.  The 
lightning  pains  of  tabes,  the  thigh  pains  in  malignant  disease  of  the  rectum 
and  in  psoas  abscess,  and  the  pain  around  the  umbilieus  in  vertebral  caries 
are  further  illustrations.  Sometimes  the  areas  are  not  so  directly  related, 
as  in  the  knee  pain  in  hip-joint  disease,  the  shoulder  pain  in  disease  of  the 
liver,  and  the  pain  in  the  distribution  of  the  ulnar  nerve  in  angina  pectoris. 

Peripheral  pain  may  be  an  early  and  suggestive  symptom  in  organic 
disease  of  the  brain  and  spinal  cord.  In  meningitis  the  pains  in  the  back 
and  limbs  may  be  very  severe.  The  joints  are  frequently  the  seat  of  pain, 
which  may  be  more  or  less  constant  or  laneinating  and  paroxysmal. 

Painful  Crises. — Severe  and  prolonged  attacks  of  pain,  associated  with 
functional  disturbances  and  wholly  independent  of  local  organic  disease, 
occur  in  some  cases  of  locomotor  ataxia  and  are  known  as  the  tabetic  crises. 
They  are  (a)  cardiac — intense  precordial  pain  accompanied  by  a  feeling  of 
oppression  and  rapid  and  irregular  pulse;  (b)  gastric,  the  most  common — 
sudden  severe  pain  in  the  epigastrium,  with  vomiting,  rapid  and  irregular 
pulse,  sometimes  symptoms  of  collapse;  there  may  be  vomiting  without 
pain  or  pain  without  vomiting;  (c)  laryngeal,  which  is  comparatively 
rare — pain  in  the  larynx  with  paroxysmal  cough,  inspiratory  stridor  and 
sensations  of  choking;  (d)  pharyngeal,  also  rare — painful  acts  of  degluti- 
tion  following  one  another  at  short  intervals  and  lasting  from  some  minutes 
to  half  an  hour.  Intestinal,  rectal,  urinary,  and  genital  crises  have  also 
been  described.  Suddenness  of  onset,  intensity,  paroxysmal  character, 
and  abrupt  termination  are  characteristic  of  these  attacks.  The  absence 
of  lesions  in  the  aflfected  viscera  either  during  the  attacks  or  in  the  intervals 
between  them  is  of  diagnostic  importance.    Errors  in  diagnosis  are  common. 

Localization  of  Pain. 

Superficial  pains  are  mostly  symptomatic  of  diseases  of  the  under- 
lying  parts,  but  they  may  be  referred. 

Deep-seated  pain  attends  inflammatory  and  ulcerative  diseases  of 
the  viscera,  mediastinal  tumor,  aortic  aneurism,  visceral  cancer,  and  dis- 
ease of  the  bones. 

Pain  may  be  unilateral  or  bilateral.  The  former  usually  attends  mor- 
bid  processes  confined  to  the  affected  side;  the  latter  those  involving  both 
sides  or  of  central  origin.  This  rule  is  far  from  being  absolute.  The  pain 
caused  by  floating  kidnev  is  occasionally  referred  to  the  opposite  side  of 
the  abdomen. 

The  more  important  local  pains  and  their  diagnostic  significance  are 
now  to  be  considered. 

Pain  in  tlie  Head. — (a)  Headache  is  a  term  used  to  designate  pain 
referred  to  various  regions  of  the  head.     It  may  be  paroxysmal  or  con- 
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tinuous.  The  term  cephalalgia  was  applied  by  the  ancients  to  slight, 
limited,  or  transitory  headaches;  the  term  cephalcea  to  severe,  deep-seated, 
and  chronic  pains  in  the  head.  Headache  is  in  many  cases  a  symptom  of 
such  importance  and  prominence  that  it  over8hadows  ali  others  and  lends 
to  the  clinical  picture  its  most  characteristic  feature,  often  at  first  sight  its 
only  obvious  feature.  Headache  is  a  symptom  very  often  significant 
when  other  phenomena  are  obscure.  It  thus  acquires  a  high  degree  of 
diagnostic  importance. 

Organic  and  Functional  Headaches. — Headaches  due  to  lesions  of 
the  skull  or  intracranial  disease  are  organic;  those  due  to  other  causes  are 
functional.  In  general  terms  headache  is  the  manifestation  of  the  irrita- 
tion  of  sensory  nerve-fibres  caused  by  derangement  of  pressure  or  tension, 
inflammation,  toxsemia,  and  reflex  disturbances.  It  is  probable  that  the 
meninges  are  chiefly  concerned  in  the  causation  of  headache.  The  sub- 
stance of  the  brain  in  the  lower  animals  does  not  respond  to  direct  irrita- 
tion  by  the  manifestations  of  pain;  and  lesions  of  cerebral  tissue  not  directly 
or  indirectly  involving  the  membranes  may  exist  without  causing  headache. 
The  meninges  and  especially  the  dura,  on  the  other  hand,  are  directly  or 
indirectly  implicated  in  those  pathological  processes  which  give  rise  to 
headache.  The  sensory  nerve  supply  of  the  dura  in  the  anterior  three- 
fourths  of  its  extent,  that  of  the  falx  and  probably  that  of  the  tentorium 
are  derived  from  the  trigeminus,  while  the  dura  mater  of  the  posterior  fossa 
is  supplied  with  sensory  fibres  from  the  vagus.  The  trigeminus  is  the  nerve 
of  sensation  to  the  scalp  as  far  back  as  the  vertex,  while  the  posterior 
branches  of  the  upper  four  cervical  nerves  supply  the  muscles  and  the  skin 
of  the  back  of  the  neck  and  the  occiput.  Sometimes  headache  is  referred 
to  the  scalp;  usually  the  pain  is  deep-seated  and  intracranial.  In  rare 
cases  superficial  headaches  are  essentially  myalgic,  the  pathological  condi- 
tion  involving  the  occipitofrontal,  temporal,  or  sternomastoid  muscles. 

The  following  clinical  considerations  in  regard  to  headache  are 
important: 

DisTRiBUTiON  OF  Headache. — This  paiu  is  usually  bilateral.  It  may 
be  frontal,  occipital,  parietal,  and  temporal,  vertical  or  dififuse.  The  area 
most  commonly  involved  is  frontal,  next  in  order  of  frequency  is  diffuse 
headache,  then  follow  in  the  order  named  vertical,  occipital,  and  temporal 
Headache  often  shifts  from  one  part  of  the  head  to  another  and  is  not 
always  confined  to  regions  limited  by  anatomical  boundaries. 

Varieties  of  Headache. — Headache,  according  to  the  character  of  the 
pain,  may  be:  1.  Pulsating  or  throbbing.  Headache  of  this  kind  is  8ymp- 
tomatic  of  circulatory  disturbances;  it  is  often  diflFuse.  2.  Dull,  heavy. 
This  is  the  headache  due  to  toxa;mia;  it  is  usually  frontal,  sometimes 
occipital.  3.  Binding  or  constrictive;  the  sensation  is  often  deseribed  as 
that  of  a  tight  band  around  the  head;  the  focus  of  intensity  is  referred  to 
the  parietal  regions.  This  is  the  headache  of  hysteni^  and  neurasthenia. 
4.  Burning  or  sore;  forms  of  headache  diagnostic  of  ansemia,  rheumatism, 
and  lithsemia.  5.  Boring  or  sharp.  These  headaches  are  svmptomatic  of 
hysteria  and  allied  conditions;  they  are  usually  localized;  one  form  is 
known  as  ''clavus'' — the  sensation  as  if  a  nail  weFe  being  drivoi  into 
the  head. 
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Headache  may  be  transient  or  persistent.  In  the  latter  čase  there  may 
be  exacerbation8  and  remissions,  or  occasional  intermissions  which  may 
last  for  day8  or  weeks.  There  may  be  slight,  continuous  headache  with 
exacerbations  of  varying  intensity.  Headache  of  this  kind  is  symptomatic 
of  forms  of  reflex  irritation,  especially  those  arising  from  defects  of  accom- 
modation.  Persistency  is  characteristic  of  organic  headaches  such  as  occur 
in  cerebral  tumor  or  abscess  or  pachymeningitis,  or  those  which  result  from 
excesses  in  tobacco  or  alcohol,  syphilis,  and  ursemia.  The  headaches  which 
occur  after  sunstroke  are  persistent,  with  brief  and  irregular  periods  of 
remission. 

The  headache  following  cerebral  concussion  is  severe  and  protracted. 
It  may  be  circumscribed  and  limited  to  a  region  corresponding  to  the  seat 
of  the  injury  or  to  the  opposite  side  of  the  head.  It  is  commonly  associated 
with  tenderness  on  light  percussion.  The  headache  following  irijury  may 
be,  on  the  other  hand,  diffuse.  It  is  apt  to  be  associated  with  vertigo, 
laasitude,  and  indisposition  to  mental  effort. 

SiGNiFiCANCE  OF  Headache.  —  CongestioTi,  —  Headache  may  result 
from  mechanical  interference  with  the  return  of  venous  blood  from  the 
head.  When  produced  by  improper  clothing  it  is  slight  and  ceases  upon 
removal  of  the  cause;  when  due  to  venous  obstruction  from  the  pressure  of 
tumors  it  is  not  usually  severe.  The  headache  caused  by  violent  paroxysmal 
or  frequently  repeated  cough  is  congestive. 

Ilijperasmia. — Headache  is  symptomatic  of  active  cerebral  hyperaBmia 
such  as  follows  excessive  and  prolonged  mental  effort,  and  results  from  the 
action  of  vasodilator  drugs,  as  alcohol  and  the  nitrites.  This  form^of 
headache  occurs  in  the  initial  stage  of  acute  meningitis.  The  headache  of 
cerebral  hyperaBmia,  whether  passive  or  active,  is  usually  frontal  or  diffuse, 
often  pulsating  or  throbbing. 

AncRtnia. — Headache  occurs  in  the  ana?mia  due  to  blood  loss  or  other 
cause.  It  is  a  common  symptom  in  chlorosis.  Ansemic  headache  is  com- 
monly  severe,  usually  frontal  or  diffuse,  often  attended  by  sensations  of 
pressure  and  not  rarely  associated  with  vertigo  and  tinnitus  aurium.  The 
headache  of  ancemia  is  intensified  by  effort. 

In/fammation. — Headache  is  characteristic  of  ali  forms  of  cerebral 
meningitis,  both  acute  and  chronic.  It  is  usually  at  first  localized,  a  fact 
of  importance  in  the  diagnosis  of  meningitis  due  to  mastoid  or  ethmoid 
disease  or  disease  or  injury  of  the  cranial  bones.  It,  however,  rapidly 
becomes  difTuse.  Meningeal  headache  is  usually  continuous  with  exacer- 
bations  of  great  severity.  Headache  in  exceptional  cases  is  absent  in 
the  early  stages  of  gradually  developing  leptomeningitis.  Sudden  intense 
headache  with  painful  rigidity  of  the  muscles  of  the  back  of  the  neck  and 
vomiting  are  earlv  symptoms  of  epidemic  cerebrospinal  fever.  Intense 
paroxysmal  headache  is  a  symptom  of  tuberculous  meningitis.  The  head- 
ache of  pachy meningitis  is  local  at  first,  but  later  becomes  generalized. 
Severe  frontal  headache,  usually  unilateral,  is  symptomatic  of  disease  of 
the  frontal  sinuses. 

InfecHon, — Headache  is  a  common  manifestation  of  infection.  This 
headache  is  usuallv  frontal,  it  may  be  occipital  or  general,  is  often  neuralgic 
or  superficial,  soon  becoming  dull,  deep-seated;  and  severe.    Headaphe  is 
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an  important  symptom  of  the  stage  of  onset  of  the  acute  febrile  infections- 
It  is  early  and  severe  in  typhus  and  associated  with  pain  in  the  back  and 
limbs.  After  a  tirne  it  is  followed  by  stupor.  It  is  a  constant  symptom  in 
the  early  stages  of  enteric  fever  but  subsides  8pontaneously  diiring  the 
second  week  of  the  disease.  It  occurs  at  the  onset  of  relapsing  fever  and 
persists  until  the  crisis,  when  it  eommonly  ceases  altogether.  The  head- 
ache  of  influenza  is  dififuse  with  points  of  intensity  in  the  region  of  the 
frontal  sinuses  and  behind  the  eyeballs.  It  may  be  a  troublesome  8equel. 
Intense  headache  characterizes  the  period  of  invasion  of  smallpoK  and 
is  usually  accompanied  by  excruciating  pains  in  the  back  and  joints. 

Headache  occurs  in  early  syphilis.  The  headaches  of  late  syphilis  are 
usually  8ymptomatic  of  arterial  changes,  gummata,  or  meningitis.  Head- 
ache is  common  in  hereditary  syphiHs.  Paroxysmal  headache  is  symp- 
tomatic  of  malaria.  It  occurs  in  the  hot  stage  of  the  paroxysm.  It  is 
persistent  and  intense  in  estivo-autumnal  fever.  Periodical  headache  may 
be  the  chief  svmptom  in  estivo-autumnal  infection. 

Tox(rmia, — Some  intractable  headaches  are  symptomatic  of  chronic 
ursemia.  They  are  frontal  or  temporal,  intense,  usually  continuous,  with 
irregular  exacerbations.  Headaches  of  the  same  general  character  occur  in 
diabetes  and  in  those  suffering  from  the  gouty  diathesis.  To  this  group  we 
may  refer  the  headaches  of  chronic  lead  poisoning,  those  occurring  in  gastro- 
hepatic  derangements,  and  constipation.  These  headaches  are  intensified 
by  alcoholic  beverages  and  relieved  by  free  purgation.  Certain  drugs  cause 
headache.  Full  doses  of  quinine  or  the  salicvlates  produce  headache  and 
tinnitus  aurium.  Opium  causes  distressing  headache  with  floating  sensa- 
tions,  nausea,  and  vomiting.  Ali  these  symptoms  are  increased  when  the 
patient  assumes  the  upright  posture.  Tense,  vertiginous  headache  follow8 
the  administration  of  the  nitrites  in  full  doses.  Headache  is  a  significant 
symptom  in  chronic  poisoning  by  lead,  tobacco,  alcohol,  opium,  and  chloral. 
In  the  čase  of  lead  and  of  alcohol  arterio-capillary  sclerosis  is  codperative. 
Opium  and  chloral  headaches  are  often  abstinence  symptoms,  occurring  upon 
the  withdrawal  of  the  drug.  Intense  headache  not  unlike  that  of  migraine 
frequently  follovvs  excesses  in  alcohol — the  acute  alcoholism  of  debauch. 

Cerebral  Absccss. — Headache  is  often  very  severe  and  persistent  in 
cerebral  abscess.  It  is  apt  to  be  associated  with  vertigo  and  pronounced 
mental  dulness  and  irritation.  Vomiting  is  common  but  not  constant. 
Chronic  brain  abscess  mav  present  noother  symptom  than  headache,  vertigo, 
mental  dulness,  irritability,  and  physical  depression.  The  pain  is  usuaily 
related  to  the  region  of  the  lesion;  in  ear  disease  it  is  referred  to  the  parietal 
or  the  occipital  region  of  the  affected  side.  In  abscess  following  disease  of 
the  nasal  or  ethmoid  bones  the  pain  is  referred  to  the  brow.  In  abscess 
from  traumatism  the  focus  of  pain  is  located  in  the  region  of  the  injurv. 

Tumor. — Headache  may  be  said  to  be  a  constant  symptom  of  brain 
tumor.  Its  frequency  and  intensitv  varv  according  to  the  locatioa  of  the 
new  growth,  the  rapidity  of  its  devolopment,  and  in  some  degree  to  its 
character.  Headache  is  more  persistent  and  severe  in  ccrolwllar  than  in 
cerebral  tumors;  in  those  of  the  cerebral  hemispheres  than  in  those  of  the 
base  and  in  those  directly  implicating  the  meninges.  It  is  more  prominent 
in  tumors  of  rapid  than  in  those  of  slow  growth,  without  regard  to  the  nature 
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of  the  pathological  process.  In  general  ter  ms  the  nature  of  the  tumor 
formation  has  no  direct  relation  to  the  intensity  of  the  headache,  the 
exception  to  this  rule  being  that  gliomata  are  less  painful  than  other  forms 
of  coarse  intracranial  new  growths.  Headache  in  brain  tumor  is  sometimes 
dull  and  boring,  sometimes  lancinating,  usually  intense,  often  agonizing. 
It  is  commonly  continuous  with  periods  of  intensification,  but  sometimes 
recurs  with  a  regular  periodicity  suggestive  of  malaria.  The  fact  that  it  is 
commonly  worse  at  night  has  some  diagnostic  value.  The  focus  of  the 
headache  in  cerebral  tumor  may  be  in  the  region  involved,  in  the  brow  or 
in  the  occiput,  or  the  pain  may  be  diffuse.  The  headache  of  brain  tumor 
may  be  localized  when  of  moderate  degree,  diffuse  during  periods  of  inten- 
sification. Light  percussion  with  the  finger-tips  may  elicit  tenderness  in 
a  region  corresponding  to  the  tumor.  The  headache  of  pachymeningitis 
interna  hsemorrhagica  is  usually  at  first  referred  to  the  vertex;  later  it 
becomes  generali zed. 

Aneurism. — Headache,  either  continuous  or  paroxysmal,  is  the  most 
common  symptom  of  intracranial  aneurism  affecting  the  larger  arteries 
at  the  base.  The  location  of  the  headache  has  in  general  no  definite 
relation  to  the  position  of  the  aneurism,  though  aneurisms  of  the  basilar 
artery  usually  occasion  occipital  headache.  Headache  occurs  in  caries 
of  the  bones  of  the  skull. 

Neiirotic  States, — Headache  is  a  very  common  symptom  in  neuro- 
pathic  conditions.  In  neurasthenia  it  is  frontal,  occipital,  or  diffuse;  it  is 
apt  to  be  continuous  and  is  aggravated  by  mental  application  and  physical 
effort.  Its  intensity  is  moderate  and  it  is  attended  by  sensations  of  pres- 
sure  in  the  head,  aching  in  the  back  of  the  neck,  and  spinal  pains.  Head- 
ache is  very  common  in  the  interparoxysmal  periods  of  hysteria.  It  is 
often  referred  to  the  vertex  and  may  be  severe  and  persistent.  Headache 
is  common  in  emotional  and  precocious  children.  It  is  frequently  associated 
with  brow  pains,  pains  in  the  back  of  the  neck,  and  intolerance  of  bright 
light.  Headaches  of  this  kind  are  allied  to  the  headaches  of  hysteria. 
Headache  frequently  enters  into  the  symptom-complex  of  the  epileptic 
paroxysm.  It  may  precede  or  follow  the  convulsive  attack.  In  the  latter 
čase  it  is  associated  with  drowsiness  and  hebetude.  Headache  is  common 
in  petit  mal.  In  many  cases  of  epilepsy  it  constitutes  an  important  symp- 
tom  in  the  interparoxysmal  state. 

Rejlez  Headache, — This  form  is  often  troublesome  and  persistent. 
This  is  sometimes  the  čase  when  the  direct  symptoms  of  the  local  disease 
are  slight  or  absent.  Errors  of  refraction  constitute  a  common  cause  of 
reflex  headache.  The  pain  is  usually  frontal,  sometimes  temporal,  often 
occipital.  The  patient  is  frequently  unaware  of  any  defect  in  visual  accom- 
modation.  The  headache  is  usually  aggravated  by  close  or  prolonged 
use  of  the  eyes.  Reflex  headache  may  occur  as  a  symptom  in  chronic  nasal 
disease  especially  in  affections  of  the  accessory  sinuses.  It  usually  involves 
the  temporal  region  or  the  vertex.  It  is  associated  with  sensitiveness  of 
the  nasal  wall  of  the  orbit  and  hyperflB8thetic  areas  on  the  mucous  mem- 
brane of  the  middle  turbinate  bone.  Headache  is  an  important  8ymptom 
of  adenoid  vegetations  in  the  nasopharynx.  It  constitutes  one  of  the 
forms  included  under  such  terms  as  '^school  headaches/'  ''headaches  of 
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the  period  of  growth/'  and  the  like.  Associated  symptoins  are  mouth- 
breathing,  mental  dulness,  and  irritability.  Carious  teeth  and  expo8ure 
of  the  piilp  not  only  cause  toothache  but  occasionally  also  cause  reflei 
headache.  Disease  of  the  auditory  apparatus  may  be  the  unsuspected 
cause  of  persistent  headache. 

The  headache  of  acute  indigestion  and  gastro-intestinal  catarrh  is 
probably  rather  toxflBmic  than  reflex. 

The  importance  of  headache  as  a  manifestation  of  disease  of  the  sexual 
organs  is  probably  over-estimated;  yet  this  symptom  is  very  common  in 
those  of  both  sexes  who  suffer  from  actual  disease  of  the  reproductive 
apparatus  or  are  the  victims  of  psychical  processes  conceming  such  diseases. 
Very  often  these  headaches  are  due  rather  to  the  attendant  neuropathic 
condition  than  to  reflex  irritation. 

Associated  Stmptgms.— Vertigo,  nausea,  vonuting,  drowsiness,  irrita- 
bility,  and  hebetude  are  associated  with  headache  with  such  frequency  as 
to  indicate  a  common  causation.  These  symptoms  are  as  a  rule  less  con- 
stant  and  less  severe  in  symptomatic  than  in  organic  headaches.  Vertigo 
is  a  frequent  attendant  upon  headache  due  to  gastro-intestinal  disorder; 
nausea  and  vomiting  in  acute  toxaBmia;  somnolence  in  malaria,  ansBmia, 
and  syphilis.  In  organic  headaches  the  presence  of  this  group  of  8ymptoms 
and  their  persistence  are  important  and  suggestive. 

Headache  is  essentiaHy  a  symptom  and  a  careful  examination  and 
inquiry  will  reveal  some  general  or  local  cause.  Headache  is  to  be  dififeren- 
tiated  from  migraine — a  paroxysmal  neurosis. 

Neuralgia  differs  from  headache  in  the  following  points:  The  pain 
in  vol  ves  the  trunk  or  branches  of  the  nerve  rather  than  its  peripheral 
distribution.  It  is  unilateral,  localized,  sharp,  paroxysmal,  and  there  are 
present  the  characteristic  tender  points  of  Valleix.  Neuralgia  afTecting 
the  first  branch  of  the  fifth  nerve  is  sometimes  attended  with  sufifusion  of 
the  eye  and  oedema  of  the  lids. 

FuNCTioNAL  AND  Organic  Headaches. — The  differential  diagnosis 
between  functional  and  organic  headaches  is  of  fundamental  importance. 
Organic  headache  is  commonlv  persistent,  varying  from  tirne  to  tirne  in 
intensity,  sometimes  undergoing  violent  exacerbations  but  rarely  wholly 
absent.  It  often  interferes  with  sleep.  It  is  aggravated  by  mental  or 
physical  effort,  by  excitement,  alcohol,  and  ali  conditions  that  increase 
intracranial  hyperaemia.  It  yields  less  readily  than  functional  headache 
to  symptomatic  treatment.  It  tends  to  progressively  increase  in  severity 
and  is  in  many  cases  ultimately  replaced  by  the  stupor,  drowsine8S  or  coma 
of  the  terminal  stage  of  the  disease.  Associated  symptoms,  such  as  vomit- 
ing, vertigo,  hebetude,  and  irritability,  are  of  diagnostic  importance,  and 
double  optic  neuritis,  convulsions,  and  localizing  symptoms,  as  monospasm, 
cranial  nerve  paralvsis,  cerebellar  titubation,  forced  movement,  and  hemi- 
anopsia,  render  the  differential  diagnosis  between  organic  headaches  and 
functional  headaches  in  most  cases  an  easy  mat  ter. 

(b)  Palns  In  the  Scalp. — Myalgic  pains  have  been  already  spoken  of. 
They  are  usually  frontal  or  occipital,  increased  by  voluntary  movements 
of  the  scalp  and  by  pressure.  Various  affections  of  the  skin  are  attended 
by  itching  and  burning  pains  of  moderate  degree.    Local  dermatitis  attMided 
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with  pain  sometimes  results  from  the  injudicious  application  of  hair  washes 
containing  excess  of  cantharides  and  sometimes  from  the  action  of  pediculi; 
also  from  burns  and  scalds,  from  erysipelas,  and  from  traumatism. 

DiflFuse  wandering  pains  are  often  experienced  in  various  parts  of  the 
sealp  and  are  associated  with  tenderness  of  the  skin.  These  pains  are  not 
confined  to  the  ramification  of  nerve-trunks  and  cannot  be  strictly  regarded 
as  neuralgic,  but  thev  very  frequently  alternate  with  true  neuralgia.  A 
patient  under  my  observation  compared  these  pains  to  sheet  lightning. 

(c)  Pains  In  the  Face. — The  most  important  is  trigeminal  or  facial 
neuralgia,  known  also  as  tic  dovloureuz  and  prosojnilgia.  Neuralgia  of  the 
fifth  nerve  is  much  more  frequent  than  ali  other  forms  of  neuralgia. 
The  pain  is  spontaneous,  paroxysmal,  and  unilateral.  Neuralgic  pains  in- 
volving  the  ophthalmic  division  usually  afifect  the  supra-orbital  branch 
and  are  known  as  brow  ague  or  supra-orbital  neuralgia.  The  pain 
radiates  over  the  front  of  the  head  from  the  supra-orbital  notch.  It  may 
be  felt  in  the  eyeHd  or  the  eyeball  or  at  the  side  of  the  noše.  Tender 
points  are  found  at  or  above  the  supra-orbital  notch,  in  the  upper  eyelid, 
and  on  the  side  of  the  noše. 

The  neuralgic  pain  may  be  referred  to  the  eyeball  itself.  It  may  occur 
8pontaneously  or  as  the  result  of  over-use  of  the  eyes.  It  is  attended  with 
dimness  of  vision  and  lachrymation  and  may  occur  alone  or  in  connection 
with  other  neuralgic  pain  in  the  region  of  the  fifth. 

Neuralgia  of  the  superior  maxillary  division  of  the  fifth  nerve  is  referred 
to  the  region  between  the  orbit  and  the  mouth  and  the  side  of  the  noše. 
Areas  of  special  intensity  are  upon  the  side  of  the  noše,  over  the  prominent 
part  of  the  upper  jaw  and  along  the  gum.  Paroxysms  are  frequently  induced 
by  the  use  of  the  tooth-brush.  When  the  inferior  maxillary  division  is 
involved  a  focus  of  pain  is  frequently  found  j  ust  in  front  of  the  ear,  or  in 
the  temple  or  opposite  the  point  of  emergence  of  the  nerve  from  the  fora- 
men,  or  in  the  region  of  the  parietal  eminence,  and  sometimes  a  point  at 
the  side  of  the  tongue. 

In  intense  paroxysms  of  trifacial  neuralgia  the  \vhole  side  of  the  face 
and  brow  is  involved  and  there  is  reflex  facial  spasm — tic  convulsif.  Supra- 
orbital  neuralgias  are  occasionally  attended  with  vasomotor  disturbance. 
In  other  instances  a  herpetic  eruption  occurs  which  is  probably  the  mani- 
festation  of  an  actual  neuritis.  Intractable  neuralgias  of  the  fifth  nerve 
occurring  late  in  life  are  known  as  degenerative  neuralgias  and  are  asso- 
ciated with  changes  in  the  ganglion  of  Gasser. 

Severe  pains  in  the  distribution  of  the  fifth  nerve  accompany  cancer  of 
the  tongue,  Hngual  ulcer,  and  caries  of  the  inferior  maxilla.  Caries  of  the 
teeth  and  exposure  of  the  pulp  mav  give  rise  to  pain  referred  to  the  car. 

(d)  Pain  in  the  Eye. — Inflaninmtorv  diseases  of  theeyecauselocal  pain. 
In  acute  conjunctivitis  there  is  pain  in  the  eyelids,  accompanied  by  photo- 
phobia  and  lachrymation;  in  iritis  pain  in  the  eyeball  and  intense  supra- 
orbital  pain,  which  may  radiate  in  the  distribution  of  the  ophthalmic  division. 

The  pain  of  glaucoma  involves  the  distribution  of  the  trigeminus, 
having  its  focus  of  intensity  in  the  eyeball  or  at  the  supra-orbital  notch. 
In  the  acute  cases  it  is  agonizing  and  associated  with  depression,  pallor, 
nauseai  and  vomiting.    In  the  chronic  form  it  may  be  subacute  with  par- 
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oxy8ins  of  great  8everity.  As  the  disease  begins  with  great  frequencv  on 
one  sicie  t here  is  a  misleading  resemblance  to  migraine.  Increase  of  t  he  intra- 
ocular  tension,  irregular  or  dilated  pupil,  witb  inactive  iris,  baziness.  aiuesthe- 
sia  of  tbe  comea,  and  various  visual  derangements  are  suggestive  svmptoms. 

(e)  Fain  in  the  Ear. — Tbe  pain  of  acute  middle-ear  disease  is  intense, 
throbbing,  increased  by  pressure  in  front  of  tbe  tragus  and  by  gentle  trac- 
tion  of  tbe  ear.  It  is  subject  to  exacerbations  and  remissions  žmd  often 
radiates  to  the  side  of  the  face.  Upon  spontaneous  or  surgical  perforation 
of  the  tympanic  membrane  tbe  distressing  feeling  of  tension  is  foIlowed  by 
immediate  relief.  Tinnitus  is  a  common  accompaniment.  Pain  referred 
to  tbe  ear  and  the  side  of  tbe  bead  is  a  prominent  8ymptom  in  mastoid  dis- 
ease.   It  is  accompanied  by  tendemess  upon  pressure  and  localized  oedema. 

(f)  Piain  Referred  to  the  Mooth. — Pain  is  a  8yinptom  of  various  forms 
of  stomatitis.  It  is  intense  in  apbthous  stomatitis,  a  very  trifling  affection, 
and  often  wholly  absent  in  cancrum  oris,  one  of  tbe  gravest  of  diseases. 
In  mucous  patches  and  sypbilitic  ulceration  pain  is  less  conspicuous  tban 
in  tuberculous  ulceration.  In  carcinomata  pain  is  a  persistent  and  distress- 
ing symptom.  In  infiammatory  and  ulcerative  conditions  of  tbe  pbarynx 
pain  is  a  prominent  symptom.  It  is  excited  by  mecbanieal  irritation  and 
by  tbe  contraction  of  the  pbaryngeal  muscles  in  deglutition.  Pain  is  not 
a  prominent  symptom  in  epidemic  parotitis  and  parotid  bubo.  It  is  excited, 
bowever,  by  the  movements  of  the  parts  involved  and  accompanied  by 
great  tendemess  upon  pressure. 

(g)  Sinus  Pain. — Pain  is  a  prominent  symptom  in  disease  of  the  acces- 
8ory  sinuses  of  the  noše,  e8pecially  in  those  cases  in  wbicb  tbere  is  an  obstnic- 
tion  to  the  outlet.  Under  these  circumstances  tbe  pain  may  be  extremeiy 
severe  and  accompanied  by  marked  8y8temic  disturbance,  as  fever,  cbilh- 
ness,  headache,  and  malaise.  The  sinuses  usually  involved  are  tbe  antnim 
of  Highmore  and  the  fronta!  sinuses.  Free  discharge  of  mucus  or  pus  is 
usually  followed  by  immediate  relief,  but  tbere  are  chronic  forms  in  whicb 
tbe  pain  is  apt  to  he  of  a  dull  character  and  constant,  with  exacerbation3 
in  damp  weather  and  after  exposure  to  cold.  The  diagnosis  of  antrum 
disease  may  be  confirmed  hy  transillumination  with  an  electric  ligbt. 

Pain  in  the  Body.— (a)  l^n  in  the  Bacic— Badcache;  Rliachialsia.— 
Pain  may  oceur  in  any  part  of  the  back.  It  is  more  common  in  the 
lumbar  and  sacral  regions  than  elsewhere.  Pain  in  the  back  of  tbe  neck 
extending  between  the  shoulder-blades  is  a  common  symptom  in  neuras- 
thenia  and  hy8teria. 

Acute  pain  in  the  small  of  the  back  attends  the  period  of  onset  of  many 
of  the  infectious  febrile  diseases,  especially  infiuenza,  dengue,  variola,  and 
cerebrospinal  fever.  It  occurs  also  in  angina  tonsillaris  and  acute  nepbritis. 
Acute  pain  in  the  back,  much  aggravated  upon  movements  of  extension, 
as  in  rising  after  lacing  one^s  shoes,  is  characteristic  of  lumbago.  Unilateral, 
deep-seated  lumbar  pain  of  great  severity  is  symptomatic  of  renal  colic 
Persistent  pain  of  this  kind  attends  renal  calculus.  Tbis  pain  is  aggravated 
by  pressure  over  the  kidney  or  sudden  jarring  of  the  body.  Pain  in  tlie  back 
18  often  present  in  floating  kidney.  Sacral  pains  are  symptomatic  of  dJaease 
of  tbe  pelvic  organs,  e8pecially  uterine  flexion8  and  displaoementB,  ovarian 
disease^  disease  of  the  colon  and  rectum,  hemorrboids,  and  urethnl  itric- 
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ture.  Many  of  the  pains  in  the  lower  part  of  the  back  are  myalgic.  Pains 
of  this  kind  result  from  occasional  or  habitual  overwork  of  the  muscles  or 
from  traumatism  in  the  form  of  contusion  or  strain,  or  finali  v  from  expos- 
ure  to  cold  or  damp,  especially  in  lithsemic  individualsl  The  pain  of  myalgia 
is  increased  by  movement,  cold,  and  pressure;  it  is  relieved  by  rest  in  the 
recumbent  posture  and  by  hot  applications. 

Pain  in  the  spine  occurs  in  disease  of  the  vertebrse.  Traumatism, 
8yphilis,  tuberculosis,  and  caries  from  pressure,  as  in  aneurism  of  the  aorta, 
are  common  causes.  The  pain  is  local  and  corresponds  to  the  segment  of 
the  column  involved.  It  is  increased  by  sudden  pressure  upon  the  head 
or  sboulders,  by  jarring,  by  the  application  of  heat.  cold,  and  faradism,  and 
18  relieved  by  the  recumbent  posture  and  in  some  cases  by  suspension  and 
a  properly  applied  spinal  jacket.  Rigidity  results  from  muscular  spasm  in 
the  earlier  stages  and  from  ankylosis  in  the  later.  Various  deformities 
occur.  Pain  is  present  in  that  form  of  arthritis  deformans  which  involves 
the  vertebrae — 8pondyliti8  deformans — 8pondylo8e  rhizom&igue.  There  are 
associated  nerve-root  symptoms,  as  an^esthesia  and  muscular  atrophy. 

Pain  attends  various  diseases  of  the  spinal  meninges.  It  is  local  and 
often  intense.  There  are  symptoms  of  irritation  in  the  course  of  the  nerves. 
The  more  common  causes  are  hemorrhage  into  the  spinal  membranes  and 
meningitis.    Muscular  spasm  and  rigidity  are  present. 

Diseases  of  the  cord  are  more  apt  to  cause  radiating  and  referred  pains 
than  pain  in  the  spine  itself.  The  latter  is  felt  in  the  lumbar  region;  the 
former,  as  nerve-root  irritation,  as  girdle  pains,  and  in  the  lightning  pains 
of  tabes. 

(b)  Pi»iii  In  the  SIde. — 1.  The  pain  may  be  symptomatic  of  injury 
or  inflammation  of  the  skin,  as  abrasion,  contusion,  local  dermatitis,  or 
furunculosis.  The  last  is  common  in  the  axillary  region.  In  rare  instances 
phlegmon  or  subcutaneous  extrava8ations  of  blood  may  be  the  cause  of 
severe  pain.    An  inspection  of  the  parts  is  necessary  in  ali  cases. 

2.  Myalgic  pains  are  not  uncommon.  Pleurodynia  affects  the  muscles 
on  one  side,  usually  the  intercostals,  sometimes  the  pectorals  and  the 
serratus  magnus.  It  is  more  common  on  the  left  than  on  the  right  sifle. 
It  is  especially  distressing  since  the  muscles  are  in  constant  use  in  respira-. 
tion.  The  movements  are  restricted  on  the  affected  side,  but  deep  breath- 
ing,  coughing,  and  forced  lateral  movements  increase  the  pain.  Tendernesa 
is  present  often  in  a  limited  area.  This  affection  may  suggest  intercostal 
neuralgia,  from  which  it  is  to  be  distinguished  by  the  more  circumscribed 
area  involved,  the  paroxysmal  character  of  neuralgic  pain,  and  the  well- 
defined  tender  points.  It  is  sometimes  mistaken  for  pleurisv,  but  the 
absence  of  friction  sounds  is  of  diagnostic  importance.  Violent  spasmodic 
flexion  to  one  side  is  an  occasional  though  rare  manifestation  of  tetanus 
and  is  attended  with  great  pain  in  the  affected  muscles.  Side  pains  refer- 
able  to  the  muscles  are  observed  in  some  cases  of  trichiniasis. 

3.  Pains  due  to  injury  or  disease  of  the  bones  may  be  referred  to  the 
side.  Fracture  of  the  ribs,  periostitis,  osteosarcoma,  rickets,  and  some  cases 
of  osteitis  deformans  are  to  be  considered.  The  diagnosis  demands  a  care- 
ful  examination  of  the  area  involved  by  inspection,  palpation,  ausculta« 
tioD.  and  in  obscure  cases  by  the  Rontgen  ray8. 
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4.  The  pain  of  plastic  pleurisy  is  referred  to  the  inframamrnarj 
region  or  the  side.  It  is  sharp  or  stabbing, — the  stitch  in  the  side,— 
increased  on  deep  breathing  and  accompanied  by  friction  sounds,  in  some 
cases  friction  fremitus  and  a  dry  cough.  It  may  occur  in  previously 
healthy  individuals,  or  be  accompanied  by  slight  fever  and  presently  dis- 
appear;  it  is  a  secondary  process  in  croupous  pneumonia  and  develops 
during  cancer,  abscess,  and  gangrene  when  the  surface  of  the  lung  is 
involved.  It  is  a  very  common  phenomenon  in  tuberculosis  of  the  lungs 
and  may  be  basic  or  apical. 

5.  Pain  in  the  side  may  be  due  to  visceral  disease.  Sudden  tension  of 
the  spleen,  as  often  occurs  in  boys  after  running,  is  accompanied  by  intense 
pain  in  the  infra-axillary  region  of  the  left  side.  Heavy,  dull,  dragging 
pains  are  symptomatic  of  the  splenic  tumor  of  leuksemia  and  the  malarial 
cachexia — ague  cake.  Renal  colic  is  characterized  by  an  extension  of  the 
pain  from  the  lumbar  region  to  the  affected  side  and  thence  downward 
toward  the  groin.  In  biliary  colic  the  pain  frequently  extends  to  the  right 
side  of  the  chest.  A  dull  heavy  pain  in  the  side  sometimes  attends  up- 
ward  pressure  upon  the  diaphragm  such  as  occurs  in  an  overloaded  stom- 
ach  or  distended  colon,  rapidly  developing  ascites,  or  an  enormous  abdom- 
inal  tumor.  Pain,  paroxysmal  in  character  but  not  extremely  intense, 
occurs  in  the  early  stage  of  some  cases  of  pyelitis.  Intense  pain  in  the 
lumbar  region,  aggravated  by  pressure,  is  a  symptom  of  perinephritic 
abscess.  It  is  often  referred  to  the  hip-joint  or  the  adjacent  region  or  the 
inner  aspect  of  the  thigh.  This  pain  is  attended  with  fixation  of  the  thigh, 
which  is  flexed  to  relax  the  psoas  muscle,  and  the  patient  in  walking  stoops 
and  throws  his  weight  upon  the  sound  side.  The  pain  of  hepatic  abscess 
is  usually  referred  to  the  back  or  shoulders;  it  may  be  most  severe  in  the 
right  hypochondrium.  A  duller,  dragging  pain  is  felt  in  the  right  side  when 
the  patient  turns  upon  the  left.  The  pain  of  angina  pectoris  is  occasionallj 
referred  to  the  left  side — fifth,  sixth  and  seventh  and  even  eighth  and  ninth 
dorsal  areas. 

6.  Pain  in  the  side  is  very  often  the  manifestation  of  disease  of  the 
nerves  themselves.  Neuralgia  may  be  the  result  of  nutritional  changes  in 
the  sensory  nerve-roots,  the  course  of  the  nerve,  or  its  peripheral  distribu- 
tion.  Intercostal  neuralgia  is  very  common.  \Vomen  are  more  liable  than 
men;  adults  far  more  liable  than  children.  The  left  side  is  more  frequently 
involved  than  the  right.  Neuropathic  individuals  especially  suffer.  Inter- 
costal neuralgia  is  encountered  in  ancemic  conditions,  general  malnutrition, 
gout,  lead  poisoning,  malaria,  cachexia,  and  chronic  nephritis.  The  attack 
may  follow  exposure  to  cold.  The  pain  is  paroxysmal  and  burning  or 
lancinating  and  there  are  characteristic  points  douloureuz.  Trophic  or 
vasomotor  phenomena  may  occur,  as  local  cedema  or  erythema.  The 
posterior  branches  of  the  lumbar  plexus  may  be  involved  with  pain  in 
advance  of  the  crest  of  the  ilium  extending  along  the  inguinal  canal  and 
sper matic  cord  to  the  scrotum — irritable  testis — or  the  labium  majus. 
The  pain  of  herpes  zoster  is  intense  and  often  persistent.  It  corresponds 
to  the  distribution  of  the  eruption.  The  pain  in  caries  of  the  vcrtebr« 
and  aneurism  of  the  descending  aorta  is  referred  to  the  distribution  of  the 
intercostal  nerves. 
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(c)  Pain  In  the  Chestaod  Abdomen. — 1.  The  skin  may  be  the  seat 
of  pain  in  inflammatory  diseases,  burns,  severe  eruptions,  and  herpes  zoster. 
Painful  burns  sometimes  result  from  the  unguarded  use  of  sinapisms  or 
hot-water  bags.    An  inspection  of  the  part  is  necessary. 

2.  Myalgia  of  the  abdominal  muscles  may  result  from  continuous 
cough.  The  epigastric  pain  in  children  suffering  from  measles  is  due  to  the 
cough.  Muscular  pain  attends  tetanus  and  some  cases  of  strychnia  poison- 
ing.     Trichiniasis  is  to  be  considered. 

3.  Periostitis  and  necrosis  of  the  sternum,  costal  cartilages,  and  ribs 
cause  pain  in  the  anterior  wall  of  the  thorax.  Resorption  and  ulceration 
from  aneurism,  malignant  disease,  syphilis,  and  enteric  fever  are  common 
causes  of  painful  lesions  in  these  structures.  Contusions,  fractures,  and 
dislocations  cause  pain. 

4.  Many  visceral  diseases  cause  pain  in  the  chest  and  abdomen.  It  is 
an  important  sign  of  aneurism  of  the  aorta.  It  is  usually  dull  and  persistent 
with  frequent  paroxysms  in  which  it  is  sharp  and  lancinating.  It  is  fre- 
quently  severe  when  erosion  of  the  chest  wall  or  vertebrae  is  taking  plače. 
Anginose  attacks  may  occur.  Pain  may  be  absent.  Broadbent  has  spoken 
of  aneurism  of  the  ascending  arch  as  the  aneurism  of  physical  signs;  of  the 
transverse  arch  as  the  aneurism  of  symptoms.  Pain  is  the  chief  symptom 
in  aneurism  of  the  abdominal  aorta.  It  is  epigastric,  paroxysmal,  and  radi- 
ates  to  the  back  and  sides.  Severe  epigastric  pain  occurs  in  aneurism  of 
the  coeliac  axis  and  the  splenic  artery.  Pain  may  occur  in  mediastinal 
tumor,  but  it  is  much  less  common  than  in  aneurism  and  does  not  have  the 
radiating  character  so  common  in  the  latter  affection.  The  pain  of 
mediastinal  abscess  is  substernal,  throbbing,  and  usually  associated  with 
chilliness  and  profuse  sweating.  In  plastic  pericarditis  pain  may  be 
absent.  When  present  it  is  variable  in  intensity,  usually  mild,  exception- 
ally  severe,  and  frequently  intensified  by  the  pressure  of  the  stethoscope. 
It  is  felt  in  the  precordia  or  at  the  base  of  the  ensiform  cartilage.  The  pain 
of  pericarditis  with  efifusion  is  sharp  and  lancinating  and  intensified  by 
pressure  over  the  ensiform  cartilage.  It  may  be  dull  and  dragging.  Pain 
is  not  a  symptom  of  endocarditis.  It  occurs  in  chronic  valvular  disease, 
especially  aortic  insufficiency,  in  which  it  is  sometimes  persistent  and 
distressing.  It  is  usually  precordial,  dull,  and  aching;  sometimes  sharp  and 
radiating  to  the  neck  and  down  the  left  arm.  Pain  is  much  less  common  in 
aortic  stenosis  and  is  not  a  prominent  svmptom  in  mitral  disease  so  long  as 
compensation  is  maintained.  Angina  pectoris  is  characterized  by  par- 
oxysmal,  agonizing  pain  in  the  region  of  the  heart,  radiating  into  the  neck 
and  arms,  especially  into  the  ulnar  distribution  of  the  left  arm,  and  often 
attended  with  the  fear  of  impending  death.  Chest  pain  is  common  and 
severe  in  croupous  pneumonia,  pleurisy,  and  pulmonary  abscess.  It  may 
occur  in  any  part  of  the  chest  but  is  most  common  in  the  inframammary 
and  mammary  regions.  In  some  cases  of  severe  acute  bronchitis  substernal 
pain  is  a  distressing  symptom.  Pain  may  be  absent  in  diseases  of  the 
liver.  It  occurs  in  acute  infectious  cholecystitis  and  is  paroxysmal  and 
severe.  It  is  referred  to  the  region  of  the  liver  but  may  have  its  focus  of 
inten8ity  as  low  as  the  appendix  or  in  the  epigastrium.  Intense  paroxy8mal 
pain  is  met  with  in  cancer  of  the  bile  passagos.    Biliary  colic  is  of  common 
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occurrence  in  gall-stone  disease.  There  is  agonizing  pain  in  the  region  of 
the  gall-bladder,  extending  into  the  lower  thoracic,  epigastric,  and  iipper 
abdominal  zones  and  radiating  to  the  right  shoulder.  DuU  dragging 
pain  with  intense  exacerbations  associated  with  nausea  or  vomiting  is 
encountered  in  so-called  hypertrophic  cirrhosis.  Pain  of  a  dull,  aching 
character  and  radiating  to  the  back  and  right  shoulder  occurs  in  hepatie 
abscess.  Pain  and  uneasiness  in  the  right  hypochondrium  are  present  in 
some  cases  of  cancer  of  the  liver.  In  pancreatic  disease  pain  may  be  a 
prominent  and  suggestive  symptom.  It  occurs  in  hemorrhage,  acute 
pancreatitis,  and  abscess  and  is  referred  to  the  upper  zone  of  the  abdomen. 
It  is  intense  and  persistent  with  agonizing  paroxysms.  Painful  colicky 
attacks  with  nausea  and  vomiting  have  been  noted  in  pancreatic  cysts  and 
the  passage  of  calculi  has  caused  pancreatic  colic.  A  dull  pain  under  the 
sternum  is  present  in  inflammation  and  in  spasm  of  the  oesophagus.  In 
cancer  it  may  be  persistent  or  only  present  upon  attempts  to  swallow  food. 
The  pain  of  gastralgia  is  usually  deeply  seated;  that  of  gastritis  more 
superficial.  Cardialgia  is  a  term  used  to  designate  the  uneasy  and  painful 
sensations  in  chronic  gastritis,  sometimes  caused  by  the  taking  of  food, 
sometimes  present  when  the  stomach  is  empty.  Pain  is  a  distinctive  symp- 
tom  of  gastric  ulcer.  It  is  gnawing,  burning,  paroxysmal,  induced  by  tak- 
ing food,  and  referred  to  the  epigastrium.  It  is  also  in  some  cases  felt  in  the 
back  at  the  le  vel  of  the  tenth  dorsal  vertebra.  In  peptic  ulcer  of  the  duo- 
denum  the  pain  is  sometimes  located  in  the  right  hypochondrium  and  may 
come  on  two  or  three  hours  after  eating.  Pain  is  an  early  symptom  in 
rancer  of  the  stomach  and  occurs  at  some  period  in  almost  ali  cases.  It  is 
usually  epigastric  but  may  be  felt  in  the  back  or  loins.  It  is  usually  burn- 
ing or  gnawing  and  rather  continuous  than  paroxysmal,  though  it  is  aggra- 
vated  after  food.  The  gastric  crises  of  tabes  consist  of  intense  paroxysmaI 
pain  in  the  stomach  accompanied  with  vomiting  and  an  excess  of  intensely 
acid  gastric  fluid.  Intestinal  diseases  are  accompanied  by  pain  which  mav 
be  colic ky  when  the  small  intestine  is  involved  and  bearing-down  when  the 
coion  is  affected — the  tormina  and  tenesmus  of  the  older  phy8icians. 
Abdominal  pain  of  variable  intensity  occurs  in  acute  and  chronic  catarrh, 
ileocolitis,  proctitis,  malignant  disease  of  the  intestines,  obstruction,  intus- 
susception,  ileus,  and  appendicitis.  It  is  the  first  and  most  distinctive  8ymp- 
tom  of  peritonitis.  Inframammary  pain  upon  the  left  side  is  a  common 
symptom  of  fecal  accumulations  in  the  sigmoid  flexure  of  the  colon  in 
women,  and  is  relieved  by  free  purgation.  Renal  colic  may  extend  well  into 
the  abdomen  upon  the  affected  side.  Pyelitis  may  cause  suprapubic  pain. 
Displaced  kidney  is  usually  a  source  of  much  discomfort;  often  of  distressing 
pain.  The  paroxysmal  pains  known  as  DieWs  crises  occur  in  this  condition. 
5.  Lead  colic,  the  referred  pain  of  diaphragmatic  pleurisy  felt  in  the 
right  hypochondrium,  and  the  girdle  sensations  of  disease  of  the  spinai 
cord  are  abdominal  pains  of  purely  nervous  origin.  The  last  may  be  a 
mere  sensation  of  a  cord  or  belt  around  the  waist  or  it  may  constitute  an 
»ctual  pain.  It  is  usually  upon  the  level  of  the  umbilicus  or  higber  but  mav 
be  lower.  The  pain  is  sometimes  much  less  marked  upon  one  side  than 
upon  the  other  and  may  suggest  a  unilateral  new  growth  or  other  form  of 
ont-sided  abdominal  disease. 
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Pains  in  the  Extreniities. — In  general  terms  the  diagnostic  significance 
18  the  same  for  the  arms  and  hands  and  for  the  legs  and  feet.  The  excep- 
tions  are  mainly  as  £ollows:  The  pain  of  angina  pectoris  extends  to  the 
arms  and  especially  to  the  left  arm  and  involves  the  ulnar  distribution. 
The  pain  in  writer*s  spasm  and  other  occupation  neuroses  involves  the 
forearras  and  hands.  It  consists  of  irregular  darting  pains  in  the  afifected 
muscles  and  the  usual  pains  attending  the  spasm  upon  efifort.  The  pains 
of  dactylitis,  onychia,  and  paronychia  involve  the  fingers.  Gout  occa- 
sionally  affects  the  fingers,  but  usually  the  foot  and  especially  the  great  toe. 
A  group  of  painful  affections  are  due  to  improper  foot  wear — ingrowing  toe- 
nail,  corns,  bunions  and  metatarsalgia.  The  pains  of  flat-foot,  varicose  veins 
and  varicose  iilcer  are  to  be  considered  in  regard  to  the  habitually  erect 
posture.  The  especial  liability  of  the  knee  and  ankle  to  troublesome  painful 
affections  and  the  greater  frequency  of  venous  thrombosis  in  the  lower 
extremity  are  due  to  postural  conditions  and  the  greater  distance  of  the 
blood-vessels  from  the  heart.  Referred  pains  are  common  in  the  lovver 
extremities.  The  pain  in  hip-joint  disease  and  obturator  hernia  is  often 
referred  to  the  inner  side  of  the  knee;  that  of  ovarian  and  uterine  disease, 
fecal  impaction,  aneurism,  and  other  abdominal  tumors,  to  the  inner  sur- 
face  of  the  corresponding  thigh,  and  in  rare  instances  that  of  acute  disease 
of  the  prostate  gland  to  the  šole  of  the  foot.  Pains  in  the  limbs  associated 
with  numbness  and  tingling  have  occasionally  been  observed  in  the  pre- 
hemiplegic  stage  of  cerebral  hemorrhage.  Pain  in  the  toes,  due  to  periph- 
eral  neuritis,  is  an  occasional  affection  after  enteric  fever.  The  affection 
is  not  attended  by  thesigns  of  inflamniation  and  passes  away  in  the  course 
of  some  days.  Painful  museular  cramps  in  the  post-dormitium  usually 
involve  the  lower  extremities  and  in  particular  the  muscles  of  the  calf  of 
the  leg.  They  occur  in  pregnancy,  in  gouty  subjects,  and  in  persons  oth- 
erwise  in  good  health.  Similar  painful  cramps  may  attend  violent  exer- 
tion  and  exposure  to  cold,  as  in  swimmers. 

The  painful  affections  common  to  the  upper  and  lower  extremities, 
aside  from  traumatism  and  the  action  of  cold,  as  in  frost-bite,  involve  the 
muscles,  nerves,  blood-vessels,  articulations,  and  bones. 

1.  Pain  is  symptomatic  of  myalgia  from  unaccustomed  or  habitual 
overwork.  It  8hows  itself  in  athletes,  dancers,  horseback  riders.  pedestrians 
and  soldiers  after  forced  marches  and  is  without  diagnostic  significance. 
Museular  pain  occurs  in  various  forms  of  myositis  and  especially  in  trich- 
iniasis.  General  museular  pain  is  a  symptom  of  rickets:  It  occurs  in  scurvy 
and  is  distinctive  of  infantile  scorbutus,  in  which  it  is  a  prominent  symp- 
tom  upon  both  voluntary  and  passive  movement  of  the  legs.  Painful 
cramp  upon  museular  effort — intermittent  claudication — occurs  in  throm- 
bosis and  arteriosclerosis  of  the  lower  extremities. 

2.  Nervous  pain  is  symptomatic  of  neuralgia — tender  points;  par- 
oxy8m8,  pressure  aggravation;  neuritis  either  intrinsic  or  from  pressure; 
peripheral  neuritis  or  neuromata.  Diffuse  pain  below  the  knees  is  e8pecially 
common  in  alcoholic  neuritis.  Sciatica,  as  well  as  brachial  neuritis,  which  is 
the  same  thing  in  the  upper  extremity,  is  in  some  instances  a  neuralgia; 
in  others  a  neuritis  of  the  nerve  or  its  plexus.  It  is  almost  always  unilateral. 
Lightning  pains  occur  in  spinal  disease,  e8pecially  tabes.    They  are  more 
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common  in  the  legs  than  in  the  arms.  They  are  sometimes  localized. 
Bilateral  neuralgic  pains  in  the  arms  and  legs  are  due  to  spinal  cord  disease 
as  sclerosis,  to  general  toxic  conditions  as  lead  or  arsenic,  to  vertebral 
disease,  or  in  the  lower  extremities  to  pressure  upon  the  nerve-roots  of  the 
cauda  equina. 

3.  Venous  thrombosis — milk4eg,  phlegmasia  alba  dolens  —  is  often 
extremely  painful.  It  occurs  in  l)ring-in  women  and  as  a  sequel  to  enteric 
fever  and  other  infectious  diseases.  A  similar  condition  may  occur  in 
consequence  of  local  pressure  in  the  upper  extreniity.  Pain,  usually  tin- 
gling  or  burning  in  character,  occurs  in  the  early  stages  of  local  gangrene, 
in  ergotismus,  diabetes,  and  Raynaud's  disease. 

4.  The  joints  are  especially  liable  to  pain.  Exquisite  pain  is  experienced 
in  the  joint  affection  of  rhenmatic  fever.  The  wrists,  elbows,  knees,  and 
ankles  are  especially  liable  to  involvement.  Another  exquisitely  painful 
joint  affection  is  gout.  Arthritis  deformans  is  attended  by  occasional 
outbreaks  of  pain,  each  of  which  results  in  an  increase  of  the  previously 
existing  deformity  of  the  joints.  Many  of  the  cases  described  iinder  the 
term  chronic  rheumatism  belong  to  this  category.  The  pain  in  gonorrhcpal 
arthritis  is  persistent  and  rebellious  to  treatment.  That  of  ordinary  syno- 
vitis  is  of  moderate  intensity.  Pyaemic  joints  are  usually  exquisitely  painful. 
Postfebrile  arthritis  closely  resembles  the  joint  affection  of  rheumatic 
fever.  In  spinal  arthropathies — CharcoVs  joints — and  in  tuberculous  joints 
pain  is  not  always  a  conspicuous  symptom. 

5.  AH  forms  of  periostitis  are  accompanied  by  pain.  The  subperi- 
osteal  hemorrhages  of  scurvy  are  attended  with  pain,  which  is  also  a  com- 
mon symptom  in  osteomyelitis  and  a  group  of  cases  of  osteitis  deformans. 

TENDERNESS. 

Tenderness  is  pain  upon  pressure.  It  usually  but  not  inyariably  accom- 
panies  spontaneous  pain.  Intestinal  colic  and  some  forms  of  neuralgia  are 
relieved  by  pressure.  Tenderness  may  be  present  in  the  absence  of  spon- 
taneous pain.  This  symptom  is  often  of  considerable  diagnostic  value, 
but  being  purely  subjective  it  is  liable  to  the  uncertainties  which  inodifv 
the  diagnostic  significance  of  spontaneous  pain.  It  is  attended  by  objec- 
tive  manifestations,  as  wincing,  flinching,  exclamations  of  suffering,  and  the 
like.  As  in  the  čase  of  spontaneous  pain  the  allegations  of  the  patient  can- 
x\\>i  ahvays  be  depended  upon.  In  certain  cases  tenderness  may  disappear 
wlion  his  attention  is  directed  to  other  objects,  or  it  may  be  present  under 
tho  influence  of  suggestion  or  expectant  attention,  or  finally  it  may  be 
»iiuulated  in  malingering. 

A  distinction  is  to  be  made  between  tenderness,  which  is  pain  upon 
|U*t^M8uro,  and  hyperaesthesia,  which  is  an  exaggeration  of  the  sensibility 
\4f  tho  Hkin.  Tenderness  is  (a)  superficial,  namely,  pain  upon  a  yery  light 
liuich;  or  (b)  deep,  that  is,  pain  excited  by  pressure  sufficLently  firm  to 
f^Mui  tu  underlying  parts.  Superficial  tenderness  is  closely  allied  to 
lk^\|»^rwiitheHia  and  is  usually  coupled  with  a  diminution  of  the  power  to 
^^OM|[k^i^  the  nature  of  the  agent  by  which  the  impression  is  caused — loss 
irf  MM»«ite  «Maibility. 
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For  practical  purposes  tenderness,  like  pain,  may  be  best  studied  in 
relation  to  the  parts  in  which  it  is  localized  and  the  anatomical  structures 
involved. 

The  Head. — Tenderness  of  the  scalp  occurs  during  and  after  the 
attack  in  migraine^  occipital  neuralgia,  and  in  hysterical  conditions.  Light 
pressure  or  the  use  of  the  comb  or  brush  may  excite  pain.  Local  tenderness 
is  present  in  tranmatism^  especially  contusions,  and  subcutaneous  efifusions 
of  blood.  Diffuse  tenderness  may  be  elicited  in  myalgia  of  the  occipito- 
frontalis  muscle.  Tenderness  attends  periostitis  and  caries  of  the  skull. 
It  is  present  also  in  gumma.  Tenderness  with  or  without  local  oedema  is 
8ymptomatic  of  infection  of  the  mastoid  sinuses — suppurative  mastoiditis. 
Localized  pain  is  produced  by  tapping  upon  the  skull  in  some  cases  of 
meningitis,  tumor,  and  abscess  of  the  brain — a  symptom  of  minor  impor- 
tance. 

The  Face. — Tenderness  immediately  in  front  of  the  tragus  is  pres- 
ent in  acute  inflammation  of  the  middle  ear.  Tenderness  over  the  malar 
bone  is  symptomatic  of  abscess  and  malignant  disease  of  the  antrum 
of  Highmore.  The  tender  points  in  trifacial  neuralgia  are  found  at  the 
emergence  of  the  branches  from  the  bony  foramina  and  their  pene- 
tration  of  fascise.  There  is  occasionally  also  sympathetic  tenderness  at 
the  occipital  protuberance  and  over  the  upper  cervical  spines.  Exqui- 
site  hypersesthesia  is  encountered  in  some  cases  of  neuralgia  of  the 
fifth  nerve. 

The  Neck. — Localized  tenderness  is  found  in  acute  inflammatory 
conditions,  as  mumps,  cellulitis —angina  Ludorici — acute  adenitis;  in 
myalgia,  the  spastic  rigidity  of  meningitis;  in  caries  of  the  cervical  verte- 
brfiB  and  in  cervico-occipital  and  cervicobrachial  neuralgia. 

The  Thorax. — Tenderness  in  the  course  of  the  spine  occurs  in  men- 
ingitis, spondvlitis,  arthritis  deformans  involving  the  spine,  periostitis, 
and  in  some  cases  of  myelitis.  It  is  a  symptom  of  importance  in  neuras- 
thenia,  hysteria,  and  spinal  irritation,  and  in  lumbago.  Pressure  upon  the 
tender  points  produces  not  only  pain  but  also  marked  acceleration  of  the 
pulse — Mannkopff^a  8ymptom.  Thoracic  aneurism  causing  erosion  of  the 
vertebrae  is  a  cause  of  tenderness  in  the  dorsal  or  lumbar  spine.  Spinal 
tenderness  may  frequently  be  found  in  lumbar,  subphrenic,  and  perinephric 
abscess,  and  has  been  observed  in  acute  inflammation  of  the  bronchial 
glands  and  in  some  cases  of  tumor  of  the  mediastinum.  In  these  condi- 
tions pain  may  be  also  called  forth  by  sudden  pressure  upon  the  shoulders 
of  the  patient  or  by  jarring  the  body,  as  by  a  misstep. 

Tenderness  attends  periostitis  and  caries  of  the  clavicles,  sternum 
ribs,  and  cartilages.  It  may  be  present  in  these  structures  in  the  painfiA 
form  of  osteitis  deformans,  especially  early  in  the  course  of  the  disease. 
It  is  found  in  abscess  of  the  wall  of  the  thorax,  perforating  empyema,  and 
eroding  aneurism.  Tender  points  are  present  in  intercostal  neuralgia. 
Tenderness  upon  percussion  is  not  uncommon  in  the  infraclavicular  regions 
in  phthisis.  The  mamnia?  sometimes  are  tender  at  the  menstrual  period, 
in  early  pregnancy,  in  the  condition  known  as  irritable  breast,  which  is  a 
8yndrome  of  hvsteria,  and  in  adenoma  and  malignant  tumor.  Tender- 
ness is  a  symptom  of  pericarditis. 
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Abdominal  tendemess  is  a  very  common  symptom.  It  may  be 
general,  as  in  peritonitis,  or  local.  The  latter  is  usually  present  in  a  limited 
area,  as  the  epigastric,  hypochondriac,  umbilical,  hypogastric,  or  iliac 
regions;  or  the  tenderness  may  be  found  in  one  of  the  quadrants  of  the 
abdomen.  Sometimes  the  tenderness  is  distinctly  focal,  as  in  peptic  ulcer, 
the  McBurney  point  in  appendicitis,  the  region  of  the  gall-bladder,  or 
pyosalpinx.  In  other  cases  it  is  difiFused,  with  or  without  circumscribed 
areas  of  intensitv. 

Epigastric  tenderness  is  a  symptom  in  acute  and  some  cases  of  chronic 
gastritis,  pancreatitis,  pericarditis,  acute  yellow  atrophy  of  the  liver,  and 
disease  of  the  gall-bladder  and  bile  passages.  It  may  be  found  in  some  cases 
of  Addison's  disease.  One  or  more  tender  points  are  present  in  peptic 
ulcer.  Tenderness  in  this  region  att^nds  the  myalgia  of  persistent  cough 
and  may  be  observed  in  hysteria  and  hypochondriasis. 

Tenderness  in  the  right  hypochondrium  is  encountered  in  various 
diseases  of  the  liver,  as  perihepatitis,  congestion,  acute  hepatitis,  abscess, 
cancer,  acute  yellow  atrophy,  and  in  diseases  of  the  gall-bladder  and  bile- 
ducts,  including  cholelithiasis.  In  the  last  group  of  cases  the  tendemess 
may  be  confined  to  the  region  of  the  gall-bladder,  or  difiFused  o  ver  the 
hepatic  area  or  even  more  widely;  in  the  left  hypochondrium  in  acute 
distention  of  the  spleen,  infarct,  perisplenitis,  pancreatitis,  and  fecal 
impaction;  in  either  hypochondrium  in  diaphragmatic  pleurisy;  in  both 
in  influenza,  relapsing  fever,  and  the  gastrohepatic  form  of  estivo- 
autumnal  malarial  fever.  Tenderness  in  the  umbilical  region  may  be 
elicited  in  peritonitis,  enteritis,  and  enteric  fever;  in  the  right  iliac  region 
in  enteric  fever,  appendicitis,  renal  calculus,  fecal  accumulations  in  the 
hepatic  flexure  of  the  colon,  and  in  cancer;  in  the  left  iliac  region  in  can- 
cer of  the  sigmoid  flexure  and  in  some  cases  of  membranous  colitis;  in 
either  in  pelvic  inflammations  and  diseases  of  the  tubes  and  ovaries;  in 
both  when  any  of  these  conditions  are  bilateral,  and  in  hjTsteria.  Hypo- 
gastric  tenderness  may  be  symptomatic  of  cystitis,  inflammation  of  the 
pelvic  organs,  dj^smenorrhcea,  and  hvsteria. 

The  Extreniities. — Cutaneous  h}7)ersesthesia  mav  be  due  to  peripheral 
neuritis,  especially  the  alcoholic  form,  neuritis  involving  a  nerve-tnink 
in  the  course  of  which  there  are  tenderness  upon  pressure  and  painis  dou- 
loureuXy  crural  thrombosis,  varicose  veins;  to  periostitis,  osteitis,  osteo- 
sarcoma,  arthritis,  mvalgia,  m^-ositis,  rickets,  scurvv,  trichiniasis,  or  tetanus. 
Forms  of  arthritis  especiallv  characterized  by  pain  and  tendemess  are 
encountored  in  rheumatic  fever,  the  acute  process  in  arthritis  deformans, 
the  gonorrha^al  joint  infection,  gout,  sprain,  and  tuberculosis.  The  hjster- 
ical  knee  is  usuallv  exquisitely  painful  upon  pressure. 

PARiESTHESIA. 

Parsesthesia  is  a  condition  of  modification  of  normal  sensibOitv.  The 
phenomena  are  due  to  irritation  of  the  sensory  nerves  in  their  oourae  or 
distribution.  They  depend  upon  nutritive  disturbances  of  tlie  nervous 
8ystem  or  the  action  of  toxic  or  irritating  substanoes  in  the  Uood«  The 
of  mild  morphine  intozication  is  an  example.    Siiiiilar  ^rnipitoiiis 
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occur  rn  gout  and  lithsemia  and  are  met  with  in  neurasthenia  and  hjsteria. 
Sensations  of  numbness,  burning,  stinging,  itchingi  and  formication  are 
common.  Coldness,  weight,  tenesmus,  the  girdle  sensation,  precordial 
constriction,  tightness,  throbbing,  sinking,  faintness,  and  debility  also 
belong  to  this  group  of  symptoms.  The  sensations  are  clo8ely  allied  to  pain 
and  are  often  described  as  painful  by  the  patients.  They  are  wholly  siib- 
jective  and  their  value  in  diagnosis  rests  entirely  upon  the  abiUty  of  the  phy- 
sician  to  estimate  the  patienfs  accuracy  of  expression  and  desire  to  com- 
municate  the  truth.    There  is  no  objective  method  of  testing  his  statements. 

These  perversions  of  sensibility  are  very  common  and  in  many  instances 
constitute  the  principal  if  not  indeed  the  only  symptom  of  which  patients 
complain.  They  are  much  more  common  in  women  than  in  men  and  in 
the  well-to-do  than  in  the  poor.  Common  associated  conditions  are  defec- 
tive  digestion,  constipation,  anajmia,  and  general  malnutrition.  Impor- 
tant  etiological  factors  are  overwork,  worry,  irregular  or  indifferent  meals, 
the  stress  of  life,  too  frequent  child-bearing,  prolonged  lactation,  and  enter- 
optosis.  Remarkable  forms  and  combinations  are  described  by  women 
passing  through  the  grand  climacteric.  Forms  of  general  and  local  parses- 
thesia  constitute  important  epiphenomena  of  many  chronic  morbid  states. 

Cerebral  Parssthesice. — Sensations  of  heat,  fulness,  pressure,  and 
other  abnormal  sensations  in  the  head — the  so-called  cerebral  parcosthesice — - 
occur  in  neurotic  individuals  and  over-taxed  brain  workers.  These  abnor- 
mal sensations  do  not  amount  to  actual  pain,  though  they  frequently  alter- 
nate  with  it.  They  are  often  distressing  and  sometimes  intense.  They 
occur  in  adolescence  and  early  adult  life  and  are  especially  common  in  women 
about  the  ti  me  of  the  grand  climacteric.  They  are^  however,  more  com- 
mon in  men  than  in  women  and  in  those  given  to  intellectual  pursuits  and 
of  sedentarv  habits  than  among  the  laboring  classes.  They  occur  with 
great  frequency  in  lithaemic  and  gouty  individuals.  These  sensations  are 
sometimes  general,  sometimes  localized  to  the  vertex,  occiput,  or  forehead. 
They  frequently  persist  for  long  periods  of  time,  in  some  cases  preserving 
the  same  character,  in  others  varying.  They  are  augmented  by  mental 
effort  and  by  disagreeable  emotions  and  intensified  by  introspection  and 
attempts  on  the  part  of  the  patient  to  explain  them  to  his  physician. 
They  are,  on  the  other  hand,  minimized  by  diversion  and  suggestion. 

Forms  of  Parcesthesia. — The  paraesthesiae  may  be  best  studied  in 
respect  of  their  character,  since  almost  any  of  them  may  be  referred  to 
various  parts  of  the  body  and  aH  part«  at  diflferent  times.  They  are  de- 
scribed in  the  most  varied  combinations,  so  that  numbness  and  tingling, 
itching  and  formication,  burning  and  stinging,  coldness  and  tension,  tight- 
ness  and  throbbing,  and  many  others  occur. 

Numbness. — This  is  a  common  8ymptom  in  superficial  injuries  of  the 
skin  from  cold  or  heat;  the  action  of  corrosive  substances,  as  the  mineral 
acids  and  carbolic  acid;  overdoses  of  certain  drugs,  as  aconite  and  the 
bromides;  injuries  of  nerves,  neuritis,  neuralgia  in  the  stage  of  access  and 
decline  and  in  the  remissions  of  pain;  herpes  zoster;  peripheral  neuritis 
from  anv  cause  and  in  the  endemic  form  of  the  tropics,  beriberi;  hy8teria, 
neurasthenia,  tetany,  tabes,  the  early  stages  of  myeliti8,  and  in  cerebro- 
Bpinal  fever.    Numbness  may  be  a  localizing  8ymptom  in  coarse  lesions  of 
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the  brain,  as  tumor  or  abscess.  It  may  occur  as  a  premonitorjr  symptom 
in  apopIexy  and  as  the  aura  in  epilepsv.  The  sensation  is  sometimes  de- 
scribed  as  like  that  produced  by  a  very  mild  faradic  current.  It  is  common 
and  distressing  in  myxcBdema  and  nriay  be  a  troublesome  8ymptom  affect^ 
ing  the  hands  and  feet  in  arthritis  deformans.  Numbness  in  the  hands  and 
feet  constitutes  the  condition  known  as  acroparcBsthesia.  Waking  numb- 
ness occurs  at  or  about  the  menopause.  It  involves  the  ertremities  and 
usually  passes  off  as  the  day  goes  on  and  ceases  when  the  patient  becomes 
adjusted  to  the  non-menstrual  life.  Numbness  is  sometimes  associated 
with  or  alternates  with  burning  and  tingling. 

Itching  or  Pruritus. — This  form  of  parsesthesia  is  frequently  asso- 
ciated with  formication  and  is  sometimes  so  severe  as  to  be  described  as 
pain.  It  is  aiso  associated  with  burning,  especially  in  inflammations  of 
the  skin  such  as  occur  in  the  exanthemata,  as  measles  and  scarlet  fever. 
Itching  of  the  scalp  is  a  symptom  of  seborrhoea;  of  the  lips  and  noše  a 
symptom  of  herpes;  of  the  eyelids  a  symptom  of  beginning  conjunctivitis; 
of  the  anal  region  a  symptom  of  hemorrhoids  or  ascarides;  of  the  extemal 
genitalia  in  both  sexes  a  symptom  of  saccharine  diabetes,  in  the  female  of 
leucorrhcea  and  neurotic  states.  Itching  of  the  whole  surface  is  a  trouble- 
some symptom  in  aged  persons,  in  certain  subjects  in  winter,  in  others 
who  are  lithsemic  or  gouty,  in  hysteria,  neurasthenia,  and  many  organic 
diseases  of  the  nervous  svstem.  It  is  a  symptom  of  jaundice,  and  some- 
times follows  the  administration  of  morphine,  copaiba,  and  other  drugs. 
Pruritus  is  an  occasional  symptom  in  chronic  interstitial  nephritis  and 
chronic  lead  poisoning. 

CoLDNESs. — A  common  form  of  paraesthesia.  It  is  often  general,  as 
in  the  chill,  rigor,  or  shivering  which  marks  the  onset  of  an  acute  febrilc 
infection  as  pneumonia,  or  constitutes  the  initial  stage  of  ague.  Under 
these  circumstances  the  internal  temperature  is  elevated.  Sensations  of 
coldness  with  a  normal  or  subnormal  temperature  occur  in  myxopdema, 
profound  asthenia  from  any  cause,  especiallv  after  hemorrhage,  hysteria, 
neurasthenia,  and  in  some  forms  of  spinal  cord  disease,  as  tabes,  lateral 
sclerosis,  and  syringomyelia.  Coldness  in  the  back  is  often  experienced 
by  persons  who  are  suffering  from  pulmonary  tuberculosis  in  the  period 
of  incipiency.  Subjective  sensations  of  coldness  in  the  extremities  are 
U8ually  associated  with  actual  low  temperature  and  often  with  some  degree 
of  cyanosis.  In  other  cases  the  sensation  of  coldness  is  referred  to  a  cir- 
cumscribed  area,  usually  in  the  leg  or  thigh.  The  affected  region  feels  as 
though  in  contact  with  a  piece  of  cold  metal  or  even  a  piece  of  ice.  This 
symptom  occurs  in  neuropathic  persons  usually  in  middle  life  and  com- 
monly  in  men.  It  has  been  observed  in  local  injury  to  a  nerve-trunk  and 
in  spinal  diseases. 

Heat. — Heat  as  a  subjective  sensation  not  dependent  upon  general 
or  local  elevation  of  temperature  constitutes  a  common  and  distressing 
parjesthesia.  When  it  amounts  to  pain  it  is  known  as  causalgia.  It  is 
mostly  localized.  Flushing  is  accompanied  by  the  sensation  of  heat. 
Flushes  of  heat  are  common  in  stout  women  at  middle  life,  at  or  about 
the  menopause,  and  in  nervous  persons  with  weak  heart.  Subjective 
sensations  of  heat  are  sometimea  associated  with  the  girdle  sensatioiL 


SYMPTOMS  AND  SIGNS:  PARiESTHESIA.  601 

Weight. — This  parsesthesia  is  likewise  of  common  occurrence.  It 
occurs  in  the  chest  as  a  symptom  in  severe  acute  bronchitis,  asthma,  pleural 
and  pericardial  effusion,  and  mediastinal  tumor;  also  in  great  cardiac  hyper- 
trophy  and  dilatation  and  in  valvular  disease  upon  rupture  of  compensa- 
tion.  Substernal  weight  and  oppression  may  be  a  symptom  of  acute  indi- 
gestion  or  of  an  overloaded  stomach  and  mav  precede  haematemesis.  The 
sensation  may  be  referred  to  the  epigastrium.  Weight  upon  the  chest 
occurs  in  hysteria  and  neurasthenia  and  constitutes  the  incubus  in  night- 
mare.  It  is  symptomatic  of  enteroptosis  and  splanchnoptosis,  ascites,  and 
abdominal  and  pelvic  tumors. 

Tenesmus  or  Bearino  Down. — This  form  is  frequently  so  distress- 
ing  as  to  amount  to  actual  pain.  The  milder  forms  are  encountered  in 
over-distention  of  the  bladder,  straining  at  stool,  and  some  varieties  of 
dysmenorrhGea. 

Precordial  constriction  or  stenocardia  accompanies  the  pain  of 
angina  pectoris.  Similar  sensations  but  much  less  intense  are  sometimes  ex- 
perienced  in  cardiac  asthenia^  myocarditi8,  fatty  heart,  pericarditis,  and  when 
the  heart  is  displaced  upward  by  large  ascites  or  abdominal  tympany* 
It  belongs  also  to  the  wide  group  of  sensations  in  hysteria  and  neurasthenia. 

Throbbing. — Sensations  of  throbbing  are  felt  in  conditions  charac- 
terized  by  vascular  relaxation  and  nervous  excitement.  Among  these  are 
aortic  regurgitation,  anasmia,  and  paroxysmal  states  in  hysteria  and  neuras- 
thenia. Almost  every  part  of  the  body  may  be  the  seat  of  these  sensations. 
They  affect  the  head  in  migraine  and  other  intense  headaches;  the  neck 
in  front  and  laterally  in  cardiac  hypertrophy  and  exophthalmic  goitre; 
the  precordia  in  palpitation;  the  epigastrium  in  the  pulsating  aorta  of 
neurasthenia;  and  constitute  a  local  symptom  in  phlegmon  and  aneurism. 
Throbbing  is  commonly  associated  with  objective  pulsations.  Purely 
subjective  sensations  of  fluttering  are  described  by  nervous  women.  Thev 
are  often  referred  to  the  left  inframammary  region. 

Faintness. — Faintness  is  a  sensation  attendant  upon  enfeeblement 
of  the  hearfs  action,  whether  due  to  physical  or  emotional  causcs.  Hence 
it  occurs  in  dilated  heart,  myocarditis,  fatty  heart,  and  ali  forms  of  ansemia, 
especiallv  upon  exertion;  in  hemorrhage,  shock,  collapse,  and  upon  the  too 
sudden  withdrawal  of  fluid  by  the  trocar  or  aspiration;  and  finally  in 
latigue,  excessive  heat,  and  intense  pain.  Faintness  attends  sudden  depress- 
ing  emotion  and  mental  shock.  Weakness  and  debility  are  attended  by 
subjective  sensations  which  are  characteristic  and  important,  since  they 
are  often  danger  signals  in  the  absence  of  the  objective  phenomena  of 
oncoming  disease.  Sudden  sensations  of  weariness  out  of  ali  proportion  to 
efifort — /atigue  8ymptoms — are  suggestive  of  neurasthenia. 
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XIV. 

GENERAL   SVMPTOMATIC  DISORDERS  OF  THE  NERVOUS 

SYSTEM  (CONTINUED):   VERTIGO;  CONVULSIONS; 

TREMOR;    FIBRILLARV  TWITCHINGS. 

VERTIGO. 

Vertigo — literally  a  turning — is  a  svmptomatic  derangement  of  the 
nervous  system  governing  the  relationship  of  the  body  to  external  objects. 
It  is  of  two  kinds:  objective  vertigo,  characterized  by  sensations  of  move- 
nient  on  the  part  of  surrounding  objects  which  are  really  at  rest,  and 
subjective  vertigo,  characterized  by  sensations  of  movement  on  the  part  of 
the  individual  himself.  It  is  popularly  known  as  dizziness  or  giddiness. 
This  symptom  attends  organic  intracranial  disease,  but  is  more  common  in 
peripheral  or  functional  disturbance.  Vertigo  in  which  no  underIyiDg 
pathological  condition  is  discoverable  is  known  as  essential.  Vertigo  is  a 
common  nervous  symptom.  It  is  often  associated  with  headache.  It  may 
occur  (1)  in  mild  cerebral  concussion;  (2)  circulatory  disturbances«  as 
cerebral  anaemia  and  hyperaBmia;  (3)  local  nerve  irritation,  as  mechanical 
irritation  of  the  external  auditory  meatus,  inflammation  of  the  middle  ear, 
or  the  application  of  electrical  ciirrents  to  the  head.  A  special  form  of 
vertigo — true  auditory  vertigo — occurs  in  labyrinthine  disease.  (4)  Vertigo 
is  a  common  symptom  in  toxiemic  conditions  and  is  associated  with  head- 
ache in  the  period  of  onset  of  the  acute  infections,  in  many  cases  of  acute 
and  subacute  gastrohepatic  derangements,  and  in  lithaemia.  It  is  symp- 
tomatic  of  narcotic  poisoning,  especiany  that  produced  by  alcohol.  tobacco, 
opium,  and  the  nitrites.  It  occurs  also  in  aniline  poisoning.  (5)  It  is  a 
common  symptom  ii?  arteriosclerosis  and  (6)  in  valvular  disease  of  the 
heart,  especially  aortic  insufficiency,  and  in  forms  of  degenerative  myo- 
carditis;  (7)  in  neuropathic  conditions,  especially  neurasthenia  and  epi- 
lepsv;  (8)  in  reflex  disturbances,  such  especially  as  arise  from  diseases  of 
the  visual  apparatus  or  the  stomach;  (9)  in  organic  disease  of  the  brain, 
especially  in  tumor,  cerebellar  disease,  in  meningeal  irritation  and  menin« 
gitis,  and  in  brain  svphilis.  Finally,  (10)  vertigo  results  from  mechanical 
causes,  such  as  swinging,  certain  unusual  postures,  rapid  rotary  move- 
ments,  and  sea-sickness. 

Vertigo  varies  in  intensity  from  a  trifling  sensation  of  imperfect 
equilibrium — mere  swimming  of  the  head — to  the  most  active  and  dis- 
tressing  sensations  of  rapid  or  irregular  movement  or  whirling  of  the  body 
or  of  surrounding  objects. 

The  equilibrium  of  the  body  is  maintained  by  muscular  action.  The 
nicely  adjusted  and  constantly  varying  motor  impulses  nece8saiy  to  equi- 
librium  are  determined  in  cerebral  centres  in  response  to  sensorj  impre^ 
sions  which  are  as  continuous  as  the  motor  impulses  which  respo&d  to  tbem. 
These  8ensory  impulses  are  visual,  aural,  muscular,  jarticular,  eutaneom* 
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and  visceral.  Anything  which  suddenly  deranges  the  continuous  and 
systematized  though  unconscious  sensory  impulses  from  these  structures 
causes  a  derangement  of  the  nervous  mechanism  by  which  the  body  is 
maintained  in  its  relation  to  external  objects.  This  derangement  mani- 
fests  itself  as  vertigo.  These  sensory  impressions  are  not  felt  in  normal 
consciousness,  but  when  they  are  interrupted  or  when  the  cortical  processes 
by  which  they  are  converted  into  motor  impulses  are  deranged  consciousness 
in  regard  to  them  is  perverted  and  vertigo  results.  For  this  reason  vertigo 
implies  a  disturbance,  not  a  loss  of  consciousness.  In  true  vertigo  con- 
sciousness is  always  retained. 

Vertigo  comes  on  suddenly  and  is  commonly  of  short  duration.  In 
the  objective  form  the  floor  or  the  bed  on  which  the  patient  is  lying  appears 
to  rise  and  sink  and  objects  whirl  around,  usually  in  a  definite  direction. 
In  subjective  vertigo  the  patient  himself  appears  to  be  whirling  around  or 
rising  and  sinking  in  space.  These  sensations  are  often  accompanied  by 
compensatory  movements  on  the  part  of  the  patient  which  may  result  in 
a  fall.  Mental  confusion,  faintness,  a  sense  of  alarm,  and  nausea  or  vomit- 
ing  are  associated  symptoms,  which  varv  in  intensity  but  are  almost  al- 
ways  present.  When  the  vertigo  is  severe  consciousness  is  impaired  but 
not  lost.  The  attacks  continue  to  recur  whilst  the  causal  condition  per- 
sists.     The  term  status  vertiginosis  has  been  apphed  to  persistent  vertigo. 

The  following  forms  of  vertigo  demand  separate  consideration : 

AuRAL  Vertigo. — This  symptom  frequently  arises  from  the  pressure 
of  accumulated  cerumen  in  the  external  auditory  canal  or  from  the  pres- 
sure of  air  against  the  tympanic  membrane  by  a  blow  upon  the  ear,  or  the 
entrance  of  water  in  diving  or  surf  hathing,  or  the  too  forcible  use  of  the 
ear  8yringe.  It  may  also  occur,  though  it  is  not  a  common  svmptom,  in 
cases  of  middle-ear  disease  or  from  the  use  of  the  Eustachian  catheter. 
Vertigo  occurring  under  the  above  circumstances  is  usually  slight  and 
transitory.    Labyrinthine  vertigo  is  the  chief  symptom  in  M6niere*s  disease. 

Toxic  Verti(;o. — Vertigo  which  attends  the  onset  of  the  acute  infec- 
tions  is  of  no  great  importance  and  usually  quickly  passes  away.  That 
which  occurs  in  gastrohepatic  catarrh  is  commonly  annoying  on  rising  in 
the  morning  in  persons  of  bilious  temperament  and  sedentary  lives,  espe- 
cially  if  they  be  addicted  to  the  pleasures  of  the  table.  This  symptom 
occurs  also  in  acute  indigestion  and  in  litha^mic  conditions.  Vertigo  is 
a  very  common  drug  symptom,  which  is,  however,  much  influenced  by 
habit  and  idiosvncrasv. 

Cardiovascular  Vertigo. — Vertigo  is  a  symptom  of  cerebral  anaemia. 
It  occurs  in  sudden  blood  loss,  cardiac  asthenia,  excitement,  or  sudden 
effort  during  digestion,  upon  sudden  effort  in  myocarditis,  valvular  disease, 
and  in  particular  aortic  insufficiency.  It  occurs  also  in  pernicious  and  other 
forms  of  anaemia,  chlorosis,  and  leuluemia.  Associated  with  tinnitus  aurium 
it  is  very  common  in  sclerotic  changes  in  the  branches  of  the  cerebral 
arteries. 

Neurotic  Vertigo. — Vertigo  sometimes  occurs  in  epilepsy  as  an  aura. 
It  is  not  rare  in  petit  mal.  Vertigo  is  a  common  and  distressing  symptom 
in  neurasthenia.  The  attacks  are  frequent  but  not  commonly  severe  or 
prolonged.    They  are  attended  with  nausea,  though  vomiting  is  not  com- 
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mon.  It  is  U8ually.  subjective  and  frequently  refiex«  Stumbling  or  para- 
lyzing  vertigo  has  been  observed  in  exophthalmic  goitre  and  as  an  endemic 
condition  in  certain  cantons  of  Switzerland  during  the  summer.  There  is 
a  sudden  loss  of  power  in  the  legs  with  impairment  of  consciousness.  Par- 
oxy8mal  vertigo  may  occur  in  nervous  individuals  after  excitement  or 
fatigue.  It  is  very  distressing,  occurring  suddenly,  accompanied  with 
nausea  and  vomiting,  and  lasting  sometimes  for  hours. 

Reflex  vertigo  may  be  associated  with  the  brow  pains  and  other  forms 
of  headache  which  are  8ymptomatic  of  errors  in  refraction  or  want  of 
harmonious  action  in  the  ocular  muscles. 

Mechanical  Vertigo. — This  8ymptom  attends  sudden  lowering  of 
the  head,  whirling  around,  or  swinging  in  individuals  not  accustomed  to  it, 
and  is  a  very  important  part  of  the  symptom-complex  in  sea-sickness  and 
car-sickness.    Mild  persistent  vertigo  has  been  observed  in  elevator  bovs. 

Vertigo  op  Intracranial  Disease. — This  is  a  very  common  svmp- 
tom  in  diseases  of  the  brain  and  its  meninges.  It  is  sometimes  distressing 
but  as  a  rule  is  of  secondarv  importance  to  the  headache,  vomiting,  and 
mental  dulness  with  which  it  is  commonly  associated.  It  occurs  at  some 
tirne  during  the  course  of  meningitis,  cerebral  abscess,  thrombotic  soften- 
ing,  tumor  of  the  brain,  and  cerebellar  disease.  This  form  is  of  considerable 
importance  in  the  diagnosis  of  cerebral  syphilis. 

Laryngeal  vertigo,  better  called  laryngeal  epilepsy,  usually  mani- 
fests  itself  in  neurotic  adults.  The  paroxysm  begins  with  tickling  or  irrita- 
tion  in  the  Iarynx,  cough,  partial  loss  of  consciousness,  and  dyspnoea.  Light 
tonic  or  clonic  movements  occur.  The  patients  suffer  from  lar^^ngitis, 
bronchitis,  asthma,  or  pulmonary  phthisis.  The  attacks  recur  as  often  as 
once  a  day  or  at  longer  intervals. 

CONVULSIONS. 

The  term  convulsion  is  used  to  designate  a  paroxysm  of  involuntary 
and  more  or  less  violent  muscular  contractions  involving  the  voluntary 
muscles  in  general.  The  word  spasm  is  frequently  used  in  a  more  limited 
sense  to  indicate  similar  involuntary  contractions  of  the  muscles  of  partie- 
uhir  parts  of  the  body.  \Ve  speak  of  general  convulsions  and  local  spasms. 
This  distinction  is,  however,  not  always  observed. 

General  Convulsions. — Convulsions  are  tonic  and  clonic.  A  tonic 
convulsion  is  an  involuntary  muscular  contraction  which  is  continuous 
and  intense.  It  may  be  of  brief  duration,  as  in  the  beginning  of  the  epileptic 
paroxysni;  or  prolonged,  as  in  tetanus.  A  clonic  convulsion  is  charaeter- 
izod  hy  the  rapid  alternation  of  contraction  and  relaxation,  as  in  the  second 
stuge  of  the  epileptic  paroxysm  or  in  infantile  eclampsia.  The  posture  in 
tonic  convulsions  is  forced  and  immovable;  in  clonic  convulsions  it  is  con- 
8tantly  changed.  The  arnis  and  legs  are  alternatelv  flexed  and  extended 
with  more  force  than  in  ordinarv  movements,  the  body  is  violently  tossed, 
and  the  muscles  of  the  face  contorted.  The  chief  centre  for  convulsioiis  is 
the  cerebral  cortex.  Tonic  and  clonic  convulsions  may  succeed  each  other, 
as  in  epilepsy,  or  may  altemate,  as  in  hysteria.  Consciousness  is  often  pre- 
served  in  general  convulsioiis  of  the  tonic  type,  as  8trychnine  poisoning  and 
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tetanus,  and  usually  lost  in  those  of  clonic  typey  as  epilepsy  and  ursemia. 
A  spasm  may  be  confined  to  a  muscle  or  a  group  of  muscles;  or  it  may  ex- 
tend  to  an  entire  limb  or  the  whole  of  the  body.  A  cramp  is  a  painful 
tonic  spasm  affecting  a  single  muscle  or  group  of  muscles,  as  the  well- 
known  cramp  in  the  calves  of  the  legs. 

Etlolos^r. — From  the  standpoint  of  etiology  convulsions  are  symp- 
tomatic  of  (1)  local  irritation;  (2)  general  cortical  irritation,  (a)  from 
causes  wholly  unknown,  (b)  from  the  toKsemia  of  infection,  (c)  from  va- 
rious  intoxications;  (3)  circulatory  derangements;  (4)  inflammatory  and 
degenerative  processes  involving  the  cerebral  cortex;  (5)  convulsions  are 
very  often  of  reflex  origin. 

Convulsions  are  essentially  paroxysmal.  Even  though  the  cause  is 
persistent,  the  motor  centres  become  exhausted  and  there  are  intermis- 
sions,  as  in  ursemia.  Again  the  paroxysms  occur  as  storms,  the  cause 
exhausting  itself  in  a  single  paroxysm  or  series  of  paroxysm8  and  only 
again  asserting  itself  after  an  interval  more  or  less  prolonged,  as  in  ordi- 
nary  epilepsy.  In  infancy,  in  the  children  of  neurotic  parents,  and  in  neuro- 
pathic  individuals  convulsions  frequently  arise  from  the  action  of  causes  not 
capable  of  producing  them  at  a  later  age  or  in  normal  individuals. 

1.  Local  Irritation. — The  motor  areas  may  be  directly  involved 
in  fracture,  hemorrhage,  cicatrixy  or  neoplasm,  as  in  focal  or  Jacksonian 
epilepsy.  The  initial  symptom  may  be  a  local  spasm,  involving  the  leg, 
arm,  or  face,  the  convulsion  becoming  generalized  in  the  course  of  a  few 
seconds  or  longer.  Again  the  local  irritation  may  be  transmitted  from  a 
distance,  as  in  tumor,  abscess,  or  sclerosis. 

2.  The  irritation  may  be  general,  (a)  from  causes  wholly  unknown, 
as  in  epilepsy.  The  paroxysm  is  frequently  preceded  by  an  aura;  it  begins 
with  tonic  spasm  and  loss  of  consciousness  and  is  characterized  by  clonic 
convulsions.  So  characteristic  is  the  latter  stage,  that  general  convulsions 
due  to  other  causes  are  deecribed  as  epileptiform  or  epileptoid.  The  par- 
oxysm  is  followed  by  hebetude,  drowsiness,  or  stupor,  and  may  be  replaced 
by  a  maniacal  outbreak  or  other  mental  disturbance — the  psi/chical  epi- 
leptic  eguivalenL  (b)  The  tox9emias  of  infection.  General  convulsions  very 
commonly  attend  the  onset  of  the  infectious  diseases  in  childhood.  They 
occur  at  this  period  of  life  as  the  equivalent  of  the  initial  chill  in  the  adult 
and  are  fnBquently  seen  at  the  onset  of  scarlet  fever,  measles,  and  pneumonia, 
and  in  other  not  well  defined  infections.  They  are  frequent  in  rickets, 
which  is  the  most  important  predisposing  cause  of  infantile  convulsions. 
They  are  early  symptoms  of  that  disease,  and  when  convulsions  occur  in 
infancy  without  manifest  cause  rickets  is  to  be  considered.  The  convul- 
sions of  tetanus,  strychnine  poisoning,  and  hydrophobia  are  to  be  considered 
under  this  heading.  (c)  General  convulsions  occur  in  poisoning  from 
aconite,  prussic  acid,  and  veratrum  viride,  and  in  chronic  alcoholism  and 
lead  poisoning.  Under  this  heading  are  to  be  included  the  convulsions  of 
ursemia,  puerperal  eclampsia,  and  asphyxia. 

3.  CiRCULATORT  DERANGEMENTS  are  somctimcs  the  cause  of  gfeneral 
convulsions  which  occur  after  profuse  hemorrhages,  and  in  the  cerebral 
ansemia  which  immediately  precedes  dissolution.  Violent  general  convul- 
flions  occasionally  occur  during  the  coma  following  sunstroke. 
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4.  Inflammatorv  and  degenerative  PROCE88ES  involving  the  cere- 
bral  cortex  give  rise  to  general  convulsions.  Under  this  heading  are  to 
be  considered  the  convulsions  of  cerebrospinal  fever  and  other  forms  of 
meningitis,  cerebral  svphilis,  general  paresis,  and  pachjrmeningitis  haernor- 
rhagica. 

5.  Convulsions  are  very  often  of  reflex  origin.  Painful  aflfcctions  and 
excitation  in  the  region  of  a  sensory  nerve  may  produce  spasms.  Exam- 
ples  of  reflex  convulsions  are  those  following  severe  injuries,  bums,  those 
associated  with  renal  or  intestinal  colic,  a  foreign  body  in  the  ear,  intestinal 
stran gulation,  retention  of  urine,  and  phimosis.  Dentition  and  intestinal 
worms  are  less  common  cauaes  of  convulsions  than  is  generally  supposed. 
Indigestion  is  a  cause  of  convulsions  in  infants  and  older  children.  In 
whooping-cough  convulsions  are  very  common.  They  result  from  the 
asphyxia  attendant  upon  a  prolonged  paroxysm,  cerebral  congestion,  or 
hemorrhage  resulting  from  such  a  paroxysm.  In  other  cases  they  are  to 
be  attributed  to  the  depressed  condition  of  the  nervous  systera  caused  by 
the  disease  itself.  General  convulsions  have  been  attributed  to  enlarge- 
ment  of  the  thymus  gland  as  a  result  of  pressure  either  upon  the  pneumo- 
gastric  or  upon  the  trachea.  They  frequently  occur  in  children  in  whom  no 
cause  can  be  discovered  and  may  in  such  cases  beregarded  as  idiopathic.  In 
infants  in  whom  an  attack  of  convulsions  has  once  occurred  a  predisposition 
seenis  to  be  established,  so  that  similar  attacks  occur  from  indiflferent  or  not 
recognizable  causes.  In  infantile  convulsions  the  attack  is  commonIy  pre- 
ceded  by  restlessness,  fretfulness,  grinding  of  the  teeth,  and  slight  twitching. 
It  may  occur  suddenly  without  premonitory  symptoms.  The  initial  cry  so 
common  in  epilepsy  is  usually  absent,  nor  are  the  successive  stages  so  well 
defined.  The  spasm  begins  in  the  hands;  the  eyes  are  fixed  and  staring 
or  strongly  turned  upward;  the  body  rigid,  and  the  face  congested.  The 
convulsion  is  at  first  tonic,  so  that  respiration  is  suspended,  but  presentlv 
clonic  convulsions  set  in,  the  eyes  are  moved  from  side  to  side,  there  are 
violent  twitchings  or  alternate  flexions  and  extension8  of  the  limbs,  contor- 
tion  of  the  face,  and  retraction  of  the  head.  There  is  spastic  flexion  of  the 
fingers,  the  thumb  being  against  the  palm — denched  fingers.  These  move- 
ments  gradually  cease  and  the  child  passes  into  a  condition  of  stupor. 
There  is  usually  slight  elevation  of  temperature.  Convulsions  arising  from 
indigestion  and  those  which  usher  in  an  infectious  disease  are  commonlj 
single,  but  those  due  to  rickets  recur  in  series.  In  some  instances  one 
attack  succeeds  another  until  death  ensues. 

When  the  attack  occurs  in  a  healthy  child,  it  may  be  due  to  acute 
indigestion  or  some  form  of  peripheral  irritation;  when  accompanied  by 
high  fever  and  vomiting  it  may  be  the  forerunner  of  an  acute  infection,  as 
scarlet  fever,  or  of  infantile  hemiplegia;  when  it  occurs  in  badly  nourished 
or  rickety  children  it  is  apt  to  be  incomplete  and  to  recur.  The  convulsions 
of  infancy  do  not  of  necessity  run  on  into  epilepsy,  but  general  convulsions 
occurring  without  apparent  cause  at  irregular  intervals  in  young  children 
otherwise  healthy  are  in  a  limited  proportion  of  the  cases  epileptic  from  the 
beginning. 

Uraemic  convulsions  may  be  preceded  by  headache  and  restJeesness. 
Sometimes  they  come  on  without  waming.    The  epileptic  cry  doei  not 
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occur,  but  in  other  respects  the  attack  may  resemble  true  epilepsy.  The 
convulsions  are  often  recurrent  and  prolonged,  the  seizures  being  separated 
by  periods  of  coma  or  deep  stupor.  The  temperature  is  usually  subnormal; 
exceptionally  it  is  elevated.  The  condition  is  recognized  by  the  characters 
of  the  urine,  the  presence  of  oedema,  the  condition  of  the  heart  and  arteries, 
a  urinous  odor,  and  the  history  of  the  čase. 

Puerperal  convulsions  present  the  same  clinical  pieture  as  those  which 
occur  in  ordinary  nephritis. 

Hysterical  convulsions  are  to  be  distinguished  from  epilepsy  by  the 
emotional  state  which  precedes  the  attack,  the  globus  hpstericus,  the  diflS- 
cult  respiration,  the  alternating  laughter  and  tears.  Sensations  may  be 
described  which  suggest  the  epileptic  aura,  as  precordial,  abdominal,  or 
pelvic  uneasiness  or  distress.  The  patient  does  not  fall  to  the  floor  in  instant 
and  complete  unconsciousness  as  in  epilep8y,  but  gently  or  by  preference 
upon  a  sofa  or  couch  in  such  a  way  as  to  do  herself  no  harm.  The  move- 
ments  are  irregular  and  clonic  but  U8ually  much  less  violent  than  in  epi- 
lepsy.  The  tongue  is  not  bitten.  The  attack  gradually  subsides  and  the 
patient  becomes  conscious  and  emotional  again.  At  the  close  of  the  attack 
a  large  amount  of  light-colored  urine  of  low  specific  gravity  is  often  voided. 
The  more  violent  convulsions,  manifestations  of  hystero-epilepsy,  include 
grinding  of  the  teeth,  tonic  spasm,  opisthotonus,  and  other  forced  attitudes, 
clonic  spasms,  and  more  or  less  profound  unconsciousness.  The  attack  is 
more  prolonged  than  in  epilepsy  and  is  followed  by  contortions  and  cata- 
leptic  poses  and  in  some  instances  by  attitudinizing  suggestive  of  various 
passionate  states. 

In  tetanus  the  earliest  symptoms  are  slight  stiffness  of  the  neck  and 
some  embarrassment  in  mastication.  These  symptoms  gradually  increase 
until  the  condition  of  trismus  or  lockjaw  develops.  The  spasm  extends 
and  involves  the  muscles  of  the  body,  causing  the  rigid  attitudes  known  as 
opisthotonus,  orthotonus,  pleurotonus,  and  emprosthotonus.  Respiration 
is  interfered  \^ith  by  the  muscular  spasm  and  asphyxia  may  threaten  from 
closure  of  the  glottis.  The  convulsive  paroxysms  are  excited  by  the  slight- 
est  irritation  and  are  of  variable  duration.  Complete  relaxation  may  not 
occur  during  the  intervals.    There  is  usually  a  history  of  trauma. 

The  resemblance  of  strychnine  poisoning  to  tetanus  is  close.  Trismus 
is  absent  as  a  rule  and  the  relaxation  between  the  convulsive  paroxy8ms 
is  complete.    There  is  a  history  of  the  ingestion  of  the  poison. 

Tetany  is  characterized  by  the  peculiar  position  of  the  hands  and  feet, 
the  involvement  of  the  extremities,  less  often  the  face  and  neck,  and  the 
presence  of  Trousseau's  symptom — the  reproduction  of  the  paroxysm  by 
compression  of  the  affected  part  either  in  the  direction  of  the  principal 
nerve-trunks  or  over  the  blood-vessels;  or  of  Chvostek^s  symptom — an 
increase  in  the  mechanical  irritability  of  the  motor  nerves,  a  slight  tap 
over  the  nerve-trunk  being  sufficient  to  throw  the  muscles  into  active  spasm. 
The  history  of  the  čase  is  quite  different  from  that  of  both  tetanus  and 
8tryohnine  poisoning. 
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TREMOR. 

Tremor  is  a  rhythmical  to-and-fro  movement  of  limited  range  due  to 
the  alternate  contraction  and  reIaxation  of  opposing  muscles.  The  move- 
ments  are  involuntary  and  differ  from  fibrillation  in  that  they  cause  loco- 
motion  of  the  parts  involved.  It  is  due  to  nutritive  alterations  in  the  motor 
neurons  both  of  the  cortex  and  spinal  cord.  A  distinction  is  made  between 
intention  or  volitional  tremor,  which  8hows  itself  only  upon  intentional  move- 
ments,  and  passive  tremor^  which  occurs  when  the  parts  are  at  rest.  The 
former  is  sometimes  spoken  of  as  paralytic;  the  latter  as  spastic  tremor. 
In  the  examination  the  patient  is  to  be  observed  at  rest,  in  intentional 
movement,  and  in  attltudes  which  require  sustained  tonic  contraction  of 
the  muscles,  as  horizontal  extension  of  the  ar  ms  and  hands,  separation  of 
the  fingers,  or  protrusion  of  the  tongue. 

The  following  forms  of  tremor  are  of  diagnostic  importance: 

1.  The  Intention  Tremor  of  Multiple  Sclerosis. — This  form  of 
tremor  does  not  occur  during  rest,  but  8hows  itself  upon  intentional  move- 
ment, usually  at  first  slight,  then  progressively  more  rapid  and  with  wider 
oscillations,  so  that  the  intended  movement  is  greatly  hindered.  The 
movements  in  some  cases  are  so  great  and  so  irregular  as  to  suggest  ataxia. 
The  rate  of  the  tremor  in  disseminated  sclerosis  is  given  by  Peterson  at 
7.9  to  8.1  per  second  for  the  earlier  stages  and  4.6  to  6.3  for  the  later  stages. 

2.  The  tremor  of  paraltsis  agitans  is  distinctly  slower.  It  con- 
tinues  during  rest,  becomes  less  marked  upon  movement,  and  upon  deter- 
mined  impulse  of  the  will  may  disappear  for  a  brief  period.  The  rate  is 
from  3  to  6  per  second.  This  form  of  tremor  disappears  during  sleep.  It 
usually  first  appears  in  the  hands  and  is  characterized  by  rhythmical 
movements  of  the  index  finger  against  the  thumb  which  suggest  pili  rolling. 
The  tremor  of  paralysis  agitans  very  seldom  affects  the  head. 

3.  Senile  tremor  is  in  its  more  moderate  forms  an  intention  tremor; 
in  well  developed  forms  a  tremor  of  rest.  The  hands  and  arms  are  more 
commonly  involved,  but  the  head  is  often  affected  and  the  under  jaw  and 
lips.    The  rate  is  from  4  to  6  oscillations  per  second. 

4.  The  tremor  of  exophthalmic  goitre  is  best  manifested  in  the 
hands  when  extended  and  the  fingers  separated.  It  sometimes  affects  the 
head.  The  rate  is  rapid — 8  or  more  per  second — and  the  excursion  limited. 
Upon  intentional  movements  the  tremor  is  sometimes  increased.  This 
form  of  tremor  is  common  in  hysteria,  in  which,  however,  every  form 
may  be  encountered.  It  is  seen  also  in  tuberculous  meningitis,  in 
lesions  of  the  corpora  quadrigemina,  and  rarely  in  disease  of  the  cere- 
bellum.  Similar  tremors  occur  in  the  acute  febrile  diseases.  The 
tremor  of  entoric  fever  is  an  example.  It  occurs  even  in  mild  čases  and  is 
most  noticeable  in  the  tongue  when  it  is  protruded  for  examination.  At 
first  fine,  it  becomes  coarser  as  the  exhaustion  increases.  The  lips  are 
affected  and  in  severe  cases  the  hands.  It  is  more  marked  in  persons  who 
are  addicted  to  alcohol.  Murchison  regarded  exce8sive  tremor  as  one  of 
the  signs  of  deep  ulceration  of  Peyer*s  patches. 

5.  The  toxic  tremors  are  usually  fine.  They  are  intensified  upon 
intentional  movement.    The  more  common  causes  are  alcohol,  tobacco, 
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morphinei  and  mercury.  In  alcoholic  tremor  first  the  hands  and  then  the 
lips  are  affected,  and  it  is  temporarily  intensified  upon  the  withdrawal  of 
alcohol  and  diminished  by  its  administration  in  increased  doses. 

6.  Tremor  due  to  miscellaneous  causes,  as  intense  emotion,  exces- 
sive  or  prolonged  muscular  effort  and  extreme  cold  may  occur  in  healthy 
persons  and  is  without  diagnostic  importance.  Popular  phrases  are  trem- 
bling  with  anger  orfear  or  cold,  and  buck-fever,  in  the  inexperienced  hunter. 

FIBRII.LARY  TWITCHING  OR  FIBRILLATION. 

This  is  an  involuntary,  brief,  sluggish  contraction  of  groups  of  muscular 
fibres  rather  than  of  an  en  tire  muscle.  It  is  manifested  as  a  wave-like 
movement  of  feeble  intensity  j  ust  under  the  skin,  not  involving  the  muscle 
as  a  whole  and  producing  no  movement  of  the  parts  to  which  the  muscle 
is  attached.  It  may  occur  in  a  limited  number  of  fibres  at  long  intervals, 
or  in  successive  groups  of  fibres  in  rapid  succession.  There  are  cases  in 
which  fibrillary  contractions  do  not  occur  spontaneously  but  can  be  excited 
by  tapping  the  skin  overlying  the  muscle  with  the  finger,  and  in  those  cases 
in  which  they  occur  infrequently  they  may  be  produced  in  the  intervals  by 
the  same  manceuvre.  They  often  occur  in  healthy  persons  upon  exposure 
of  the  surface  of  the  body  to  cold  air.  Fibrillation  is  probably  caused  by 
a  lesion  which  at  once  weakens  and  irritates  the  cell-body  of  the  peripheral 
motor  neuron  in  the  anterior  horn  of  the  spinal  cord  (Lloyd).  It  is,  there- 
fore,  svmptomatic  of  progressivedegenerativeprocesses  involving  and  gradu- 
ally  destroying  the  large  ganglionic  motor  cells,  and  occurs  in  paretic 
and  atrophic  muscles  when  those  changes  are  of  nuclear  origin.  This  phe- 
nomenon  is  especially  seen  in  anterior  poliomyelitis  and  in  bulbar  paralvsis. 
It  may  be  present  in  traumatic  neuroses  without  paresis  or  atrophy. 

Othcr  morbid  motor  phenomena  are  discussed  in  the  chapter  upon 
the  Examination  of  the  Nervous  System. 


XV. 

PSY(^HICAL  CONDITIONS,  EMOTIONAL  STATES,  DERANGE- 

MENTS  OF  rONSCIOUSNESS,  INSOMNIA  AND 

OTHEIl  DISORDERS  OF  SLEEP. 

PSVCHICAL  CONDITIONS. 

The  consideration  of  abnormal  mental  phenomena  comes  properly 
within  the  scope  of  psychiatry.  Mental  dcrangements  constitute  at  times, 
however,  important  symptoms  in  almost  every  department  of  internal 
medicine.  The  degree  of  intelligence,  defects  of  memory,  emotional 
States,  and  irritative  and  depressive  dcrangements  of  consciousness  are 
to  be  considered.    Closely  allied  are  insomnia  and  other  disorders  of  sleep. 

Intellij^ence. — The  age,  education,  and  social    surroundings   of   the 

patient  are  to  be  considered.    Derangements  of  intelligence  are  frequently 
30 
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associated  with  impaired  consciousness  but  may  occur  independently  of  it. 
Both  vary  greatly  in  degree.  Slight  intellectual  defects  often  not  recopnized 
in  the  ordinary  demeanor  and  conversation  of  the  patient  become  apparent 
upon  further  knowledge  or  upon  taking  a  careful  clinical  historv.  The 
lower  grades,  designated  by  such  terms  as  dulness  and  stupiditv,  or  an 
extreme  degree,  as  idiocy  and  dementia,  are  immediately  apparent  in  the 
facial  expression  and  behavior  of  the  individual.  Not  infrequently  a  fall- 
ing  off  in  intelligence  is  manifest  in  persons  sufTering  from  chronic  incurable 
affections,  as  valvular  disease  of  the  heart,  nephritis,  tuberculosis,  and  cancer. 
Not  only  is  the  nutrition  of  the  cerebral  cortex  impaired  but  the  patient 's 
range  of  thought  becomes  progres8ively  more  circumscribed.  His  interest 
in  general  affairs  or  the  particular  objects  of  his  previous  intellectual  activitv 
diminish  in  proportion  as  his  interest  in  his  symptoms  and  in  the  narrow 
life  of  the  sick-room  increase.  Graver  derangements  amounting  to  ahso- 
lute  indifference,  stupidity,  or  dementia  are  on  the  other  hand  observe<l 
in  cerebral  diseases,  especially  in  tumors.of  the  brain,  progressive  bulbar 
paralysis,  multiple  sclerosis,  hemorrhage,  thrombosis,  embolism,  and  soften- 
ing.  In  other  cases  stupidity  or  dementia  may  be  the  expression  of  a 
developmental  anomaly  of  the  brain,  as  in  idiocy  and  cretinism.  Of  special 
interest  is  the  derangement  of  intelligence  which  occurs  in  myx(rdema. 
both  that  form  which  develops  spontaneously  and  in  the  cachexia  strumi- 
priva.  In  this  condition,  which  is  closely  allied  to  cretinism  or  indeetl 
practically  identical  with  it,  the  derangements  of  intelligence  vary  in  degree 
from  moderate  apathy  and  indifference  with  slowness  of  thought  associateii 
with  slowness  of  speech  to  a  state  bordering  upon  dementia.  A  transient 
abnormal  exaltation  in  mental  activity  with  a  rapid  flow  of  ideas  and  un- 
usual  facility  of  expression  may  attend  hectic  fever,  the  action  of  alcohol, 
and  excitement  due  to  other  causes.  A  corresponding  depression  in  mental 
activity  is  observed  in  the  period  of  reaction.  The  patient  who  has  been 
restless  and  talkative  in  the  febrile  period  is  depressed  and  silent  during  the 
8weating  that  attends  the  defervescence;  the  exhilaration  of  aleohol  is 
followed  by  the  depression  of  a  physical  if  not  a  moral  remorse;  fervor  of 
speech  and  energetic  action  give  plače  to  dulness  and  abstraction. 

Mental  dulness  or  confusion  occurs  independently  of  derangements  of 
consciousness.  Confusion  of  thought  attends  grave  neurasthenia,  cerebral 
tumor,  arteriocapillary  sclerosis,  old  age,  and  profound  malnutrition. 
Slowness  of  apprehension  and  unreadiness  in  expression  are  usually  char- 
acteristic  of  defective  intelligence,  but  may  indicate  lesions  of  the  nervous 
mechanism  by  \vhich  ideas  are  received  and  expressed,  as  in  forms  of  aphasia. 

Memory. — As  age  increases  the  memory  becomes  less  accurate  and 
retentive.  In  many  old  people  in  other  respects  in  good  health  and  intelli- 
gence failure  of  memory  becomes  pronounced.  At  earlier  periods  of  life 
the  integrity  of  the  memory  is  dependent  upon  the  same  conditions  of 
general  good  health  as  that  of  the  intelligence.  We  find  therefore  very  often 
impairment  or  loss  of  memory  in  local  lesions  of  the  brain  such  as  result 
from  hemorrhage  or  softening,  which  are  not,  however,  neee8sarily  asso- 
ciated  with  enfeeblement  of  intelligence.  Weakness  of  memory  is  very 
often  observed  in  the  traumatic  neuroses — a  fact  demanding  attention 
since  frequeDtly  this  condition  is  attributed  to  malingering. 
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recovered  from  severe  traumatic  neurasthenia  very  often  have  but  faint 
recollection  of  the  events  associated  wlth  and  following  the  injury.  Loss 
of  memory  occurs  in  epilepsy,  bromidism,  and  chronic  alcoholism,  is 
common  in  ihsanity,  and  often  complete  in  terminal  dementia. 

EMOTIONAI.   STATES. 

Mental  depression  is  very  common  in  chronic  and  incurable  diseases. 
It  is  sometimes  purelv  svmptomatic.  More  commonly  it  arises  from  pain 
and  suffering  or  from  apprehension  in  regard  to  the  future.  A  high  grade 
of  depression  characterizes  hypochondriasis  and  melancholia.  In  deep 
jaundice,  especially  when  chronic,  depression  is  very  common.  Mental 
depression  frequently  attends  diseases  of  the  stomach,  particularly  those 
in  which  pain  is  prominent.  Periods  of  depression  occiir  during  the  meno- 
pause  and  in  pronounced  neurasthenia,  hvsteria,  and  in  cerebral  disease. 

Emotional  exaltation  characterizes  acute  and  chronic  mania  and  is 
an  important  element  in  active  delirium.  During  anaesthesia  by  chloro- 
form,  ether,  and  nitrous  oxide  the  early  derangement  of  consciousness  is 
manifest  by  emotional  excitement  which  is  often  intense.  A  similar  condi- 
tion  is  characteristic  of  alcoholic  intoxication, 

Instability  of  temper,  irritability,  and  sensitiveness  are  very  common 
in  invalids.  The  testiness  and  outbursts  of  anger  which  occur  in  gout 
and  the  fretfulness  and  impatience  of  uterine  disease  are  well  known. 
Emotional  instability  and  similar  changes  in  disposition  are  frequently 
observed  in  pregnancy. 

DERANGEMENTS  OF  CONSCIOUSNESS. 

These  may  be  irritative  or  depressive.  Irritative  derangement«  of 
consciousness  vary  in  degree  from  mild  emotional  excitement  to  furious 
homicidal  mania;  in  extent  from  perversion  in  a  limited  region  of  con- 
sciousness relating  to  a  single  idea  or  group  of  ideas  to  8ystematized  delu- 
sions  influencing  the  whole  life  of  the  patient.  Irritative  frequently  alter- 
nate  with  depressive  derangements  of  consciousness.  Delusions,  illusions, 
and  hallucinations  are  irritative  derangements  of  consciousness. 

A  delusion  is  an  unfounded  conviction  or  belief.  It  is  very  often  ab- 
surd or  ridiculous.  Delusions  that  are  persistent  and  based  upon  false 
ideas  having  a  logical  interdependence  or  sequence  are  known  as  organized. 
An  expansive  delusion  is  an  insane  belief  in  the  individuaFs  own  greatness, 
power,  or  goodness.  No  evidence  or  demonstration  is  sufficient  to  convince 
a  person  of  the  fal8ity  of  his  delusions.  Example8  of  delusions  that  are 
common  are  the  belief  that  individuals,  almost  always  unknown,  are  con- 
spiring  to  do  the  patient  a  serious  harm,  or  that  the  patient  is  the  Christ 
or  Solomon  or  Queen  Victoria. 

An  illusion  is  a  false  or  misinterpreted  8en8ory  perception.  The  phe- 
nomena  upon  which  it  is  based  actually  exi8t.  A  patient  who  mistakes  the 
nurse  for  an  officer  of  the  law,  or  a  bundle  of  rags  for  her  baby,  or  ordinary 
household  sounds  for  the  voice  of  God  is  the  subject  of  an  illusion.  lUu- 
sions  are  very  often  transient  or  momentary. 
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An  hallucination  is  a  sense  perception  not  founded  on  objective  reality. 
Hallucinations  may  relate  to  any  of  the  senses.  The  patient  who  sees  the 
figures  of  bystanders  or  hears  whispering  voices,  or  perceives  a  disagreeable 
odor  or  unpleasant 'taste,  or  feels  upon  his  shoulder  the  pressure  of  a  hand 
when  none  of  these  objects  exist,  suffers  from  an  hallucination.  Hallucina- 
tions are  frequently  persistent  and  distressing. 

The  Obsesslons. — An  obsession  is  an  idea  which  dominates  conscious- 
ness  often  to  the  exclusion  of  other  thoughts  and  ideas.  It  comes  unhidden 
and  cannot  be  dismissed  by  any  effort  of  the  will.  Nevertheless  its  nature 
and  unreasonableness  are  usually  fully  understood  by  the  subject. 

Obsessions  very  commonly  take  the  form  of  definite  sy8tematized 
fears  relating  to  certain  objects  or  conditions.  These  constitute  the 
so-called  phobias,  as  kenophobia,  the  dread  of  large  or  open  spaces; 
claustrophobia,  the  fear  of  closed  or  narrow  spaces;  agoraphobia  {a^^^pd, 
a  market  plače),  the  fear  of  a  crowd;  aichmophobiaf  the  fear  of  pointed 
instruments  or  weapon8  or  the  dread  of  being  touched  by  anything; 
metallophobia,  a  terror  of  touching  or  handlipg  a  metallic  object;  pj/rho- 
phobia,  a  morbid  dread  of  fire;  and  many  other  forms  of  persistent  and 
dominating  fear. 

Doubt  constitutes  a  common  form  of  obsession.  The  mental  uncer- 
tainty  may  be  restricted  to  a  single  subject  or  set  of  subjects  or  embrace 
al  most  everv  affair  of  life  from  the  simplest  to  the  most  important,  recur- 
ring  with  intolerable  insistence  and  refusing  to  be  allayed  by  the  demon- 
stration  of  the  actual  conditions  to  which  they  relate. 

Another  group  of  obsessions  consists  in  a  morbid  exaggeration  of  the 
activities  of  life.  Those  who  are  subject  to  them  are  possessed  of  a  demon 
of  unrcst  and  are  irresistibly  impelled  to  be  continually  doing  something  or 
going  somewhere.  usually  aimlessly  and  without  fixed  purpose,  and  always 
ready  without  adequate  motive  to  change  from  one  occupation  to  another 
or  from  the  selected  course  to  a  different  one. 

Closely  allied  to  this  group  of  obsessions  are  those  which  consist  in  an 
irritable  impulse  to  touch  a  spot  or  an  object — folie  de  toucher — or  to  repeat 
certain  movements,  as  returning  to  pass  through  a  door  two  or  three  times 
beforc  doparting  from  it.  and  the  like. 

Fixeil  iiloas  aro  clo.^-elv  allied  to  obsessions  and  the  terms  are  often  u.sed 
intorchangeahlv.  There  are  those.  however,  who  distinguish  between  these 
two  derangemeiits  of  consciousness,  namelv.  that  an  obsession  is  recog- 
nizoil  by  the  patient  as  an  abnormal  train  of  ideas  without  basis  in  fact, 
while  the  subject  of  a  fixeil  idea  is  convinced  that  it  is  based  upon  the 
comliiions  as  they  exist  and  perfectly  normal  under  the  circumstances. 

The  foregoing  derangements  of  consciousness  are  permanent  8ymp- 
toms  in  insanitv.  Thev  ocour  also  in  hysteria  and  neurasthenia  and  con- 
stitute important  elements  of  delirium. 

Delirium  is  an  irritative  derangement  of  consciousness  characterized 
bv  rostlessness.  excitement,  and  incoherence.  Periods  of  delirium  mav 
altemate  with  somnolence.  stupor,  or  convulsions.  There  are  two  forms  of 
delirium.  In  the  actire  or  maniacal  the  patient  is  wild  and  noi8y.  He 
sings.  screams,  shouts.tries  to  get  out  of  bed,  struggles  with  his  attendants, 
and  has  to  be  restrained  by  force.    His  face  is  congested,  hia  ejres  bright. 
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his  expression  alert,  excited,  even  fierce.  The  second  form  is  low  or  muUer' 
ing.  The  patient  lies  quiet,  murmuring  in  a  low  tone,  holding  incoherent 
and  often  whispered  conversation  with  imaginary  persons,  or  occupied  with 
vague  fancies  and  taking  no  notice  of  what  goes  on  around  him.  If  aroused 
he  may  give  a  rational  but  brief  reply  to  question8,  quickly  relapsing  into 
his  wandering  dreams.  This  form  of  delirium  is  sometimes  associated  with 
restlessness.  The  patient  moves  in  bed,  may  even  try  to  get  up,  but  is 
easily  restrained.  Between  these  two  there  are  transitional  forms  attended 
with  moderate  restlessness  and  excitement.  The  patients  are  irritable, 
disturbed  by  trifles,  and  at  times  incoherent,  though  not  boisterous. 

Delirium  develops  very  readily  in  persons  of  neurotic  temperament 
and  in  early  life.  It  may  occur  in  any  severe  illness.  It  is  especially  com- 
mon  in  fever  and  usually  indicates  a  grave  infection.  In  febrile  diseases 
children  are  more  liable  to  delirium  than  adults,  just  as  they  are  more 
liable  to  high  temperature.  In  general  terms,  there  is  no  constant  relation 
betvveen  particular  diseases  and  forms  of  delirium.  Active  delirium  is, 
however,  frequently  associated  with  the  acute  infectious  fevers.  The 
delirium  of  pneumonia  is  sometimes  violent;  in  inflammatory  diseases  of 
the  brain  and  in  acute  mania  it  is  often  furious.  In  fevers  of  ordinary 
intensity  the  delirium  is  of  moderate  type.  It  is  muttering  or  wandering  in 
the  exhaustion  of  the  low  fevers  and  in  the  later  stages  of  other  acute  dis- 
eases. Delirium  may  be  present  in  uraemia  and  in  poisoning  by  belladonna, 
cannabis  indica,  hyoscyamus,  and  opium,  and  a  loud  and  boisterous  delirium 
quite  different  from  delirium  tremens  sometimes  occurs  in  acute  alcoholism. 
In  enteric  fever  the  headache  usually  ceases  as  delirium  develops. 

The  onset  of  delirium  may  be  abrupt  or  gradual.  An  outbreak  of 
maniacal  delirium  has  in  rare  instances  been  the  first  manifestation  of  an 
acute  infectious  disease,  as  enteric  fever,  typhus,  or  pneumonia.  Cases  have 
occurred  in  whieh  under  these  circumstances  individuals  have  been  regarded 
as  insane  and  placed  in  an  asylum.  Much  more  commonly  delirium  de- 
velops gradually,  showing  itself  first  in  a  certain  confusion  of  thought  upon 
awaking  from  sleep.  In  some  cases  delirium  is  absent  during  the  day, 
coming  on  again  and  increasing  as  night  approaches.  Mild  nocturnal 
delirium  is  sometimes  seen  d^iring  convalescence  from  pneumonia,  enteric 
fever,  and  septic  conditions. 

The  delirium  of  inanition  occurs  in  wasting  diseases  and  in  starvation. 
It  is  not  very  rare  in  malignant  disease  of  the  ODSophagus  or  stomach  and 
occurs  in  cases  characterized  by  intractable  vomiting.  The  delirium  of 
convalescence  is  probably  a  delirium  of  inanition.  In  this  form  of  delirium 
the  outbreak  is  sudden,  usually  in  the  early  morning.  There  is  feebleness 
of  pulse  and  a  relaxed  and  sweating  skin  with  cold  hands  and  feet.  It  is 
vcry  often  of  brief  duration,  yielding  in  the  course  of  some  hours  or  a  day 
or  two  to  the  proper  administration  of  nourishment  and  stimulants.  Mani- 
acal dehVium  not  uncommonly  follows  the  epileptic  paroxysm — postepileptic 
mania — or  mav  develop  as  the  psychical  equxvalent  of  the  paroxysm. 

The  delirium  of  alcoholism — delirium  tremens — is  very  characteristic. 
It  is  almost  always  associated  with  hallucinations  which  take  the  form  of 
large  numbers  of  small  objecta,  as  mice,  bugs,  serpents,.  which  continually 
approach  the  patient  and  inspire  abject  and  pitiable  terror,  or  there  are 
animals  running  around  his  bed  or  crawling  upon  the  walls.    The  delirium 
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or  follow  intense  or  prolonged  muscular  effort,  or  accompany  hemorrhage 
or  shock.  It  is  important  in  ali  cases  to  make  the  differential  diagiiosis 
between  suddenlv  on-coming  coma  and  syncope. 

Lethargt  or  trance  is  a  condition  of  unconsciousness,  more  or  lesa 
complete,  which  occurs  in  hysteria.  It  has  been  observed  in  rare  instances 
after  excessive  mental  application  or  exhausting  disease  and  cases  have 
been  noted  in  which  it  has  occurred  in  individuals  otherwise  apparently 
in  good  health.  It  differs  from  coma  in  resembling  a  deep  and  protracte<i 
sleep  from  which  the  patient  in  some  instances  may  be  partially  aroiised. 
The  patient  is  U8ually  pallid,  the  extremities  relaxed,  the  eyelids  closed, 
the  eyes  turned  upward  or  to  one  side.  The  pupils  vary  in  size  but  react 
to  light.  Respiration  and  circulation  are  greatly  enfeebled.  The  tem- 
perature is  subnormal.  The  attack  varies  in  duration  from  some  hours  to 
eeveral  weeks.    Cataleptic  rigidity,  or  convulsions,  may  develop. 

Catalepsv  is  a  condition  of  impaired  consciousness  characterized  by 
rigidity  affecting  the  voluntary  muscles.  A  limb  or  the  body  of  the  patient 
may  be  maintained  continuously  for  some  time  in  the  same  posture.  The 
position  of  the  limb  may  be  passively  changed  with  slight  resistance, 
remaining  in  the  posture  in  which  it  has  been  placed.  This  condition  of 
increased  muscular  tonus  has  been  termed  **waxy  flexibility.*'  The  attack 
may  last  for  a  few  minutes  or  for  several  hours.  It  is  attended  with  com- 
plete anaesthesia  of  the  skin  and  deeper  tissues.  The  rhythm  of  the 
respiration  is  disturbed,  the  circulation  feeble,  the  surface  temperature 
depressed,  and  the  reflexes  impaired.  The  eyes  are  usually  open;  the  pupils 
are  dilated  but  react  to  light.  The  attitudes  are  sometimes  bizarre  and 
grotesque.  As  the  attack  passes  away  the  power  of  muscular  movement 
is  fully  regained.  Catalepsy  is  a  rare  symptomatic  disorder.  It  is  encoun- 
tered  in  hysteria,  occurs  in  hypnotic  states,  and  has  been  observed  in  cerebral 
disease,  as  tumor  and  meningitis,  and  in  forms  of  insanity,  as  melancholia. 

Coma  may  be  easily  recognized.  Its  diagnostic  significance  is  often 
obscure.  It  occurs  not  only  in  cerebral  disease  but  in  the  most  varied 
constitutional  conditions.     It  mav  be  svmptomatic  of  the  following: 

(a)  Organic  disease  of  the  brain,  either  general,  as  acute  encephalitis, 
cerebral  syphilis,  multiple  sclerosis,  and  general  paresis;  focal,  as  intra- 
cranial  hemorrhage,  embolism,  thrombosis  or  softening,  tumor,  abscess 
and  thrombosis  of  the  cerebral  sinuses;  disease  of  the  meninges,  as  inflam- 
mation,  the  pressure  from  exudate,  and  subdural  hemorrhage  or  tumor; 
or,  finally,  it  may  occur  in  the  course  of  disease  of  the  cranial  bones.  (b) 
Traumatism  of  the  head,  producing  cerebral  commotion  or  compression. 
(c)  The  pre-agonistic  state  in  ali  diseases  terminating  fatally.  (d)  The  fully 
<leveloped  febrile  infectious  diseases.  Only  exceptionally  is  coma  under 
these  circumstances  complete.  Early  and  complete  coma  occurs  in  the 
malignant  forms.  (e)  Uraemia,  in  which  it  commonly  alternates  with  con- 
vulsions. (f)  The  last  stage  of  diabetes,  (g)  Forms  of  auto-intoxication 
analogous  to  diabetic  coma  in  which  ^9-oxybutyric  acid  or  ita  derivatives  are 
prosont  in  the  hlood.  (h)  Rare  casos  of  septicjrmia,  py»mia,  carcinoma,  and 
acuto  yellow  atrophv  of  the  livor.  (i)  Narcotic  poisoning,  especiallv  by  alco- 
hol,  morphino,  chloral,  and  various  poisonous  gases,  and  the  surgical  anaes- 
thesia produced  by  the  administration  of  ether,  chloroform,  nitrous  oxidc, 
^tc.     (j)  General  convulsions,  infantile  eclampsia,  and  the  epileptic  par 
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oxysm.    (k)  Drowning  and  asphyxia  from  other  causes.    G)  Sunstroke  and 
similar  conditions  produced  by  exposure  to  excessive  heat.    (m)  Hvsteria. 

The  Associated  Phenomena  in  Different  Morbid  States  Characteiized  by 
Coma. — The  diagnosis  of  the  underlying  condition  is  always  important, 
often  difficult,  sometimes  impossible.  When  the  previous  history  can  be 
obtained  from  the  patient^s  friends  the  diagnosis  is  simplified.  A  child  is 
seized  with  convulsions  and  vomiting  and  falls  presently  into  coma.  The 
fact  that  other  ehildren  in  the  family  suffer  from  scarlet  fever  justifies  a 
provisional  diagnosis  of  malignant  scarlet  fever.  A  man  in  middle  life 
complains  of  headache  and  becomes  comatose,  with  twitching  of  the  face 
and  general  convulsions.  Information  to  the  effect  that  he  has  had  poly- 
uria  with  low  specific  gravity,  small  amounts  of  albumin,  and  cast-s,  war- 
rants  a  diagnosis  of  ursemia.  A  girl  is  found  unconsčious,  pallid,  with 
irregular  respiration  and  occasional  twitching  of  the  face  or  extremitie8. 
It  is  of  diagnostic  importance  to  learn  that  she  has  been  a  highly  nervous 
person  who  has  just  passed  through  some  emotional  stress  and  that  the 
coma  was  preceded  by  tears  and  outbreaks  of  laughter — phenomena 
characteristic  of  hysteria. 

The  anamnesis  is  not  always  conclusive.  It  frequently  happens  that 
a  patient  suffering  from  chronic  nephritis  becomes  comatose  from  cerebral 
hemorrhage  and  that  a  man  who  has  been  drinking  falls  into  a  coma  not 
the  manifestation  of  alcoholic  intoxication  but  of  fracture  of  the  skull. 
The  causal  diagnosis  of  coma  is  attended  with  increased  difficulty  in  am- 
bulance  cases  and  patients  concerning  whom  no  history  can  be  obtained, 
seen  for  the  first  time  in  a  comatose  condition. 

Cerebral  Disease. — Coma  occurring  in  the  course  of  organic  disease 
of  the  brain  is  U8ually  preceded  by  such  general  symptoms  as  headache, 
vomiting,  delirium,  and  somnolence,  with  varied  local  symptom8  which 
depend  upon  the  position  and  extent  of  the  lesions  and  may  be  either 
irritative  or  paralytic. 

Apoplexy — THE  Apoplectic  Insult. — Premonitory  symptoms  are 
rare.  Headache,  ocular  derangements,  and  parsesthesia  of  the  extremi- 
ties  may  occur  but  are  not  characteristic.  The  coma  usually  is  sudden 
and  complete  and  the  condition  is  popularly  spoken  of  as  a  "stroke.'* 
In  other  cases  the  coma  develops  gradually — ingravesceni  apoplexy. 

Traumatism  of  the  Head. — The  history  of  an  accident  or  injurv  is 
important.  A  careful  examination  should  be  made  for  contusion,  lacera- 
tion,  or  depression  of  the  skull.  If  necessary  the  head  should  be  shaved. 
Bleeding  from  one  or  both  ears  may  occur  in  fracture  of  the  base  of  the  skull. 

Infectious  Diseases. — The  antecedent  conditions  leading  up  to  the 
coma  are  usually  known.  Coma  under  these  circumstances  may  be  a 
manifestation  of  the  intensity  of  the  primary  infection  or  of  some  second- 
ary  proccss.  Occasionally  in  grave  enteric  fever,  very  commonly  in  severe 
typhus  and  cerebrospinal  fever,  coma  develops  in  the  course  of  the  disease 
and  is  not  necessarily  the  sign  of  impending  dissolution.  Coma  may  occur 
under  similar  circumstances  from  an  intercurrent  nephritis  with  ursernia  or 
from.  intercurrent  cerebral  hemorrhage,  sinus  thrombosis,  or  in  the  rheu- 
matic  fever  attended  with  endocarditis  from  embolism.  Coma  occurs 
early  in,  or  may  even  mark  the  onset  of,  the  malignant  forms  of  the  infec- 
tious  diseaaes,  particularly  scarlet.  enteric,  and  cerebrospinal  fever  and  the 
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pemicious  forms  of  malarial  infection.  In  the  last  there  is  the  history 
of  exposure  in  intensely  malarial  localities  and  of  one  or  two  recent  weU 
characterized  paroxysms  of  ague. 

Ur^emia. — Ursemic  coma  niay  occur  in  acute  or  chronic  nephritis. 

Diabetes. — In  saccharine  diabetes  coma  very  often  attends  the  ter- 
minal condition,  particiilarly  in  the  young.  Three  forms  of  diabetic  coma 
are  recognized:  (a)  The  patient  af ter  exertion  is  seized  with  sudden  weak- 
ness,  syncope,  and  somnolence  which  gradually  deepens  to  coma  and  is 
followed  in  a  few  hours  by  death.  (b)  The  early  symptoms  are  due  to  pul- 
monary  or  gastric  derangement  or  there  may  be  some  local  afifection,  as 
pharyngitis,  phlegmon,  or  carbuncle.  The  attack  begins  with  nausea  and 
vomiting.  The  breath  has  the  peculiar  sweetish,  fruity  odor  of  acetone. 
The  onset  of  coma  is  gradual.  Death  occurs  in  the  course  of  one  to  five  days. 
(c)  The  patient  without  special  previous  symptoms  is  suddenly  seized 
with  violent  headache  and  the  sensation  of  profound  illness  and  rapidly 
falls  into  deep  and  fatal  coma.  There  are  cases  of  diabetes  in  which  the 
coma  is  due  to  some  accidental  cause,  as  ursemia,  apoplexyy  or  meningitis. 

Narcotic  Poisoning. — In  coma  from  opium  and  its  derivatives  the 
face  is  pallid,  dusky,  and  slightly  cyanotic,  respirations  and  pulse  slow, 
pupils  equal  and  contracted,  skin  natural,  and  temperature  normal. 

In  alcoholic  coma  the  face  is  commonly  flushed,  sometimes  pallid, 
occasionally  cvanotic.  The  respirations  are  U8ually  normal  in  depth  and 
frequency.  They  are  sometimes  stertorous.  The  odor  of  the  breath  is 
characteristic,  the  pulse  is  at  first  frequent  and  fuU,  later  small  and  feeble. 
The  pupils  are  equal,  sometimes  normal,  more  frequently  dilated.  The 
skin  is  usually  cool  and  moist  and  the  surface  temperature  lowered,  espe- 
cially  under  circumstances  of  exposure  to  cold  or  damp,  when  heat  dissipa- 
tion  is  favored.    Convulsions  are  not  common. 

PoisoNOUs  Gases. — Coma  develops  under  circumstances  that  make 
the  diagnosis  clear.  It  may  result  from  the  inhalation  of  carbon  dioxide, 
as  in  disused  wells,  and  carbon  monoxide — illuminating  gas,  charcoal  fire — 
a  very  common  cause  of  accidental  death  and  suicide.  There  can  be  no 
question  about  the  coma  of  surgical  ansesthesia.  During  this  state  various 
accidents  may  occur.  Asphyxia  has  resulted  from  the  falling  back  of  the 
base  of  the  tongue  and  from  pulmonary  oedema.  Progressively  deepening 
coma  may  terminate  in  death  from  failure  of  the  cardiac  or  respiratory 
centres,  and  apoplexy  may  occur. 

Convulsions. — Coma  is  very  often  preceded  by  general  convulsions 
or  alternates  with  them.  It  is  frequently  preceded  by  convulsions  in  the 
malignant  forms  of  the  infectious  diseases,  especially  in  children,  and 
sometimes  in  dentition  and  the  digestive  disorders  in  young  infants — 
infantile  eclampsia.  It  follows  the  general  convulsions  of  epilepsy.  Coma 
and  convulsions  may  alternate  in  cerebral  syphilis,  general  paresis,  and 
some  forms  of  alcoholism.  The  alternation  of  coma  and  convulsions  is 
characteristic  of  urajmia. 

The  coma  of  sunstroke  is  very  often  preceded  by  convulsions.  The 
skin  is  excessively  hot  and  dry,  the  face  flushed,  the  respiration  labored, 
the  pulse  frequent  and  fuU.  The  temperature  ranges  extremely  high  and 
may  become  that  of  hyperpyrexia,  Upon  venesection  the  blood  is  dark, 
thick,  and  flows  slowly  from  the  vein.    The  diagnosis  is  usually  easy. 
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Epilepsv. — The  diagnosis  of  postepileptic  coma  rests  upon  the  history 
of  the  čase,  the  convulsive  seizure,  the  bitten  tongue,  the  foam  upon  the 
lips,  and  the  sudden  profound  loss  of  consciousness  of  no  very  long  dura- 
tion.  The  congestion  of  the  face,  stertorous  breathing,  urinarv  incon- 
tinence,  and  general  muscular  relaxation  may  suggest  apoplexy,  but  the 
signs  of  hemiplegia  are  lacking. 

HvsTERiA. — The  unconsciousness  of  hysteria  is  commonly  incomplete 
— letharg}*^  or  its  intensification,  trance.  Its  duration  may  extend  over 
several  davs  or  weeks.  Trne  hysterical  coma  which  is  a  further  intensifica- 
tion of  the  foregoing  is  verv  rare.  A  condition  of  impaired  consciousness 
suggestive  of  coma  not  infrequently  enters  into  the  symptom-complex  in 
the  grand  attack  of  hvsteria.  It  is  usually  preceded  by  the  ordinarv 
phenomena  of  the  hvsterical  paroxysm:  laughing,  crving,  convulsions, 
extravagant  muscular  movements,  and  the  like. 

For  practical  purposes  the  dififerential  diagnosis  between  the  coma 
resulting  from  opium,  traumatism.  alcohol,  apoplexy,  and  uraemia  is  of 
imperative  importance.  Only  in  a  correct  diagnosis  are  to  be  found  the 
indications  for  treatment.  These  are  often  imme<liate  and  urgent.  Further- 
more  tlie  diagnosis  mav  have  to  do  with  questions  of  medico-legal  interest. 
Definite  diagnostic  phenomena  are  to  be  svstematicallv  sought  for. 

8uch  points  in  the  anamnesis  as  are  available  are  to  be  obtained  from 
the  patient*s  friends  or  the  bvstanders.    The  immediate  investigation  de- 
mands  an  examination  of  the  scalp  and  head  for  evidences  of  traumatism; 
of  the  eves  \\ith  reference  to  pupillary  conditions  and  reactions,  strabismus, 
and   conjugate  deviation;    the  face  for  blood  extravasations,    flushing, 
pallor.  cvanosis,  cedema,  puffing  of  the  cheeks,  the  presence  of  foam  upon 
the  lips,  a  bitten  tongue,  relaxation  of  the  jaw,  the  odor  of  the  breath, 
and  the  presence  upon  the  lips  or  face  of  the  stains  of  corrosive  or  other 
poisons.    The  character  of  the  respiration  is  to  be  studied,  the  frequency, 
volume.  and  tension  of  the  pulse,  the  sounds  of  the  heart.    The  occurrence 
of  focal  or  urinarv  incontinence  is  to  be  noted,  catheterization  should  be 
porformed,  and  the  urine  examined  for  the  presence  of  allnimin.   blood 
sugar.  acetone,  etc.    The  signs  of  hemiplegia  are  to  be  sought  in  the  posi 
tion  of  the  head  and  eves — conjugate  deviation — in  the  greater  relaxation 
of  tlie  mouth  aml  cheek  upon  one  side  and  the  complete  loss  of  musculai 
tonus  in  the  arm  aml  leg.     The  temperature  must  l>e  taken  in  the  axilla. 
and  if  found  to  be  verv  low,  in  the  rectum  also.    The  signs  nf  antecedeni 
iliseasc.   general  anasarca.   great  emaciation,   various  specitic   and    oth« 
eruptions  aml  scars,  and  the  general  condition  of  the  viscera  as  determined 
by  the  methods  of  phvsical  examination.  such  as  the  presence  of  etTusions 
in  the  serous  sacs.  great  enlargement  of  the  liver  or  spleen.  avA  the  like.  are 
to  l>e  in  turn  rapidlv  investigateil.    The  stomach  pump  is  »»fien  necessarv 
for  the  diagnosis.    If  the  conditions  suggest  the  possil>ility  •»£  pernicious 
malarial  fever  an  examination  of  the  blooil  should  l>e  matle  f«r  l-averan*a: 
bodies. 

Not  every  cajie  demands  such  comprehensive  and  eh.l«'r:i!«^  investi- 
gation.    Ver>*  often  the  condition  underlying  the  coma  is  «'l>vi»n:s   at  a 
glance.    In  other  cases  it  is  speedilv  revealeii.    Once  in  a  while  tiie  tnie 
condition  is  not  discovered  without  careful  and  prolonged  study.  and  th^ 
are  obseure  cases  whicU  tax  tVie  t^sources  nf  dinical  medicine. 
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INSOMNIA  AND  OTHER  DISORDERS  OF  SLEEP. 

Insomnia — Abnormal  Wakefulness. — These  terms  are  used  to  desig- 
nate  a  disturbance  of  the  nervous  system  characterized  by  habitual  incom- 
plete  sleep  or  periods  of  en  tire  absence  of  normal  sleep.  Sleep  varies  with  age, 
sex,  and  individual  peculiarity.  In  very  young  babies  sleep  is  practically 
continuous;  a  healthy  child  two  years  old  passes  half  its  time  in  slumber; 
the  adult  requires  from  seven  to  eight  hours  out  of  twenty-four;  and  aged 
persons  not  more  than  five  or  six  hours.  Women  need  more  sleep  than 
men.  Workers  in  the  open  air  require  longer  hours  of  sleep  than  those  of 
sedentary  habits.  Insomnia  may  be  functional  or  symptomatic.  Func- 
tional  insomnia  occurs  in  neurotic  individuals  and  over-taxed  brain  workers. 
Symptomatic  insomnia  is  an  important  element  in  the  symptom-complex 
of  a  great  variety  of  morbid  conditions.  It  occurs  in  painful  diseases,  as 
cancer,  aneurism,  and  the  intractable  neuralgias.  It  is  common  in  acro- 
m3galy.  Insomnia  is  a  very  troublesome  symptom  in  neurasthenia  and 
various  forms  of  insanity.  It  is  an  important  element  in  acute  delirium. 
Advanced  disease  of  the  heart  is  very  often  attended  by  sleeplessness  due 
in  part  to  cerebral  anaemia,  in  part  to  the  condition  of  the  blood,  but 
chiefly  to  the  inability  of  the  patient  to  lie  down.  As  the  condition  pro- 
gresses  wakefulness  gives  way  to  somnolence  and  stupor.  Tea  and  coffee 
have  in  many  persons  the  power  of  inhibiting  sleep.  Complete  insomnia 
is  a  conspicuous  phenomenon  in  delirium  tremens  and  alcoholic  mania. 
Insomnia  occurs  with  some  degree  of  frequency  also  in  the  earlv  stage  of 
enteric  fever,  influenza,  and  croupous  pneumonia.  It  is  met  with  in  cases 
of  malaria  and  is  a  troublesome  symptom  in  trichiniasis.  It  is  not  un- 
common  during  the  convalescence  from  acute  disease.  Insomnia  mav 
take  the  form  of  troubled  and  unrefreshing  sleep  of  short  duration  or 
broken  by  intervals  of  distressing  wakefulness,  or  sleep  may  be  absent  for 
davs  together.  The  patient  may  fall  asbep  upon  going  to  bed  but  awakes 
in  the  course  of  two  or  three  hours  and  lies  absolutely  awake  or  lightly 
dozea  until  morning.  There  is  often  great  and  irregular  mcntal  activitv, 
espccially  in  neurasthenia,  and  the  cares,  anxieties,  and  worries  of  the  day 
are  rehearsed  with  torturing  iteration.  Such  insomnia  is  associated  with 
restlessness,  which  is  also  present  in  the  insomnia  of  insanity.  Insonmia 
is  rare  in  children  but  when  present  significant  of  profound  disturbance  of 
the  nervous  system.  The  sleeplessness  of  the  aged  is  usually  tranquil  and 
unaccompanied  by  excitement  or  irritability. 

Dreams  usually  have  their  starting-point  in  some  sen8ory  impression 
arising  from  local  causes,  as  an  uncomfortable  posture,  a  sound  vvhich  is 
perceived  but  which  does  not  arouse,  an  over  loaded  stomach,  a  distended 
bladder  or  rectum,  or  a  condition  which  interferes  with  the  action  of  the 
heart  and  lungs.  Nightrnare  is  a  frightful  dream  accompanied  by  sensa- 
tions  of  oppressive  weight  upon  the  chest,  intense  fear,  horror,  or  anxiety, 
and  inal)ility  to  move  or  cry  out.  The  attack  ends  in  a  groan  and  the 
recoverv  of  consciousness.    It  is  mostly  symptomatic  of  Indigestion. 

Night  Terrors — Pavor  Noctumus. — This  condition,  vvhich  presents 
points  of  resemblance  to  nightmare  and  somnambulism,  is  a  paroxysmal. 
disturbance  of  sleep  in  voung  children.      It  diffcrs  from  nightmare  in  the 
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gradual  subsidence  of  the  attack  and  the  persistence  of  terror  and  distress 
after  waking.  It  differs  from  somnambulism  in  the  gradual  waking,  the  less 
complete  automatism,  and  the  terror.  The  child  starts  up  in  bed  screaming 
with  fear  and  seeks  protection,  trembling  and  sobbing.  The  dream  images 
are  often  indefinite,  sometimes  the  creatures  of  imagination,  suggested  by 
the  tales  of  the  nursery.  Night  terrors  occur  commonlv  in  neurotic  and 
badly  nourished  children.  They  are  sometimes  svmptomatic  of  eye-8train, 
the  cutting  of  the  second  teeth,  intestinal  parasites,  or  indigestion. 

Sleep  drunkenness  is  a  rare  condition  resembling  maniacal  delirium 
which  appears  upon  waking  from  profound  sleep.  There  are  delusions  of 
immediate  danger  to  life  or  liberty.  The  sufferer  fails  to  recognize  his 
surroundings.  He  is  excited,  incoherent,  and  boisterous.  The  attack  is 
usually  of  short  duration. 

Somnambulism — sleep-walking^ — ^is  a  disorder  of  sleep  in  whicb  con- 
sciousness  and  volition  are  suspended  but  the  activity  of  certain  nerve- 
centres  is  exerted  and  coordinated  movements  are  automatically  p>er- 
formed.  It  oceurs  in  adolescents  and  young  adults  of  neurotic  tempera- 
ment and  is  more  common  in  females.  It  is  due  to  causes  which  ordinarily 
give  rise  to  dreams,  including  indigestion,  faulty  attitude  during  sleep, 
intense  excitement,  or  violent  distressing  emotion  during  the  period  preced- 
ing  sleep.  The  attacks  are  frequently  recurrent  and  may  become  habitual. 
They  are  of  brief  duration  but  may  continue  an  hour  or  two,  during  which 
time  difficult  and  complicated  actions  are  performed,  apparently  with 
conscious  intention.  The  eyes  are  closed  or,  if  open,  are  staring  and  fixed. 
There  is  complete  indifference  to  sound  and  the  expression  is  blank  and 
impassive.    The  patient  on  waking  has  no  recollection  of  his  wanderings. 

Morbid  Sleep. — Drowsiness  may  be  symptomatic  of  cerebral  malnutri- 
tion  or  toxaBmia.  It  is  common  in  aged  persons  with  feeble  heart  and  dis- 
eased  blood-vessels,  in  the  obese,  and  in  malaria,  ansemia,  and  diabetes.  It 
is  caused  by  the  impure  air  of  crowded  assemblies.  Cases  have  been 
reported  in  which  prolonged  deep  sleep  has  ceased  after  the  discharge  of 
lumbricoid  worms.  Morbid  sleep  is  a  symptom  by  no  means  uncommon  in 
organic  cerebral  disease,  as  syphilis,  tumor,  and  arteriosclerosis.  It  is 
common  in  insanity,  both  in  the  prodromal  period  and  the  developed  state. 

Narcolepsy  is  abnormal  deep  sleep  occurring  in  spells  which  may  be 
of  short  duration  or  prolonged  and  continuous.  The  cause  is  unknown.  In 
some  instances  the  sleep  has  progressively  advanced  to  deep  and  fatal  coma. 

Waking^  numbness — sleep  palsy. — This  is  a  form  of  parssthesia  occur- 
ring upon  \vaking.  There  is  a  sensation  of  numbness  and  tingling.  The  dis- 
tribution  involvcj  one  or  more  extremities,  usually  the  hands  and  arms.  It 
is  commonlv  of  brief  duration,  disappearing  in  an  hour  or  two.  It  resembles 
the  forms  of  paia\sthesia  which  occur  about  the  grand  climacteric. 

Paroxysmal  disturbances  of  the  nervous  svstem,  both  physiological 
and  pathological,  are  common  during  sleep.  Seminal  emissions,  the  vene- 
real  orgasni,  and  urinary  incontinenee  are  accidents  of  sleep.  Epileptic 
seizures — nocturnal  epilepsy — are  not  uncommon,  and  the  paroxysins  of 
asthma  and  migraine  frequently  come  on  in  sleep. 
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Focal  Infection. 

Much  has  been  done  in  the  matter  of  focal  diseases  and  much  remains 
to  be  done,  and  the  absolute  necessitj  of  the  harmonious  association  of 
clinieians  and  laboratory  workers  in  research  that  is  to  be  really  productive 
has  been  more  and  more  clearly  recognized;  but  the  work  aeeomplished 
imder  the  leadership  of  Biilings  and  Bosenow  constitutes  an  epoch-making 
eontribution  to  the  seientific  basis  of  the  art  of  medicine. 

It  is  important  that  certain  broad,  general  statements  should  be  made 
at  the  outset  A  f ocus  of  infection  may  be  defined  as  a  circumscribed  surf ace 
or  tissue  invaded  by  pathogenic  microorganisms.  Such  foci  are  primary 
or  secondary.  Primary  foci  may  involve  a  mucous  or  cutaneous  surface. 
They  occur,  however,  commonly  in  the  complex  structures  of  the  face  and 
jaws,  the  upper  air  passages,  the  respiratory,  gastro-intestinal  and  genito- 
urinary  tracts,  and  the  glandular  and  other  organs  severally  connected  with 
these.  Secondary  foci  arise  by  way  of  the  lymph-vessels  in  the  form  of 
infected  lymph-nodes,  or  by  way  of  the  blood-stream  in  distant  parts  or 
organs.  The  lesions  of  such  foci  are  frequently  embolic  and  often  widely 
disseminated. 

Local  inflammation  results  as  an  acute  process  with  or  without  abscess 
f ormation,  according  to  the  nature  of  the  inf ecting  organisms,  and  is  usually 
accompanied  with  more  or  less  severe  irregular  fever,  while  insidiously 
developing  visceral  and  cardiovascular  diseases  are  among  the  manif  estations 
of  chronic  focal  infections  which  are  often  obscure  and  unsuspected.  The 
endocardium  and  pericardium  and  the  joints  and  periarticular  tissiies  are 
particiilarly  liable  to  secondary  infection  derived  from  distant  limited  foci 
of  primary  infection. 

The  most  important  recent  eontribution  to  the  subject  is  to  be  found 
in  the  work  of  Rosenow,  who  demonstrated  the  transmutability  of  the  mem- 
bers  of  the  streptococcus-pneumococcus  group  in  form,  culture,  characteris- 
tics  and  in  general  and  special  pathogenic  virulence  for  animals  and  the 
fact  that  the  property  of  transmutation  is  reversible  among  the  members 
of  this  group.  Scarcely  less  important  is  the  demonstration  of  the  fact  that 
the  bacteria  of  this  group  acquire  elective  tissue  afBnity  in  foci  of  infection, 
in  culture  media  and  in  serial  animal  passage.  To  use  the  words  of  Rosenow, 
**The  underlying  conditions  which  tend  most  to  call  forth  changes  are,  first 
f avorable  conditions  for  luxuriant  gro^^iii  and  then  unf avorable  conditions — 
under  stress  or  strain.*'  And  again,  **It  would  seem,  therefore,  that  focal 
infections  are  no  longer  to  be  looked  upon  merely  as  a  plače  of  entrance 
of  bacteria  but  as  a  plače  where  conditions  are  f  avorable  for  them  to  acquire 
the  properties  which  give  them  a  wide  range  of  affinities  for  various 
structures. 

The  structures  of  the  mouth  and  upper  air  passages  are  peculiarly 
exposed  to  infection.  The  great  variety  of  pathogenic  microorganisms  pres- 
ent  in  the  šaliva  and  pharyngeal  mucus  constitute  a  universal  danger  of 
focal  infection.  The  most  trifling  lesion  of  the  mucous  membrane  serves 
as  the  point  of  entrance  to  deeper  structures.  To  the  endameba  buccalis, 
present  in  the  mouths  of  a  great  majority  of  persons,  according  to  several 
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observers  in  as  maiiy  as  90  per  cent.  of  those  examined,  is  attributed  tbe 
most  common  initial  injury  to  the  edges  of  the  gums.  Similar  lesions 
result  from  the  maceration  of  food  particles  between  the  teeth  and  trauma- 
tism  from  toothpicks  and  other  hard  substances.  Hence  arise  pvorrhoea 
dentalis  and  alveolar  abscess.  Eniarged  faucial  tonsils  and  hvpertrophv 
of  the  adenoid  and  other  Irmphnoid  tissiies  of  the  nasophar>'nx  interfere 
with  respiration  and  drainage  and  favor  infection  of  those  stmctures  them- 
selves,  the  middle  ear  and  the  aeeessory  sinuses.  In  this  manner  foci  of 
infection  are  established  in  a  large  proportion  of  children  and  manv  adults. 
Focal  infections  in  the  gastro-intestinal  and  genito-urinary  tracts  are  less 
common. 

The  greater  number  of  individuals  thus  affected  do  not  suffer  from 
acute  or  chronic  diseases  due  to  focal  infection,  being  protected  by  the 
natural  defenses  of  the  body.  Such  persons  are  peculiarly  liable,  however, 
to  the  development  of  acute  and  chronic  organic  or  systemie  disease,  the 
predisposing  causes  being  profound  emotional  depression,  the  phvsical  ex- 
haiistion  resulting  from  expa*mre  to  cold,  privation,  insufficient  food,  pro- 
longed  illness,  alcoholism,  general  ana^sthesia  and  extreme  age. 

The  most  important  acute  disease  of  the  organs  of  respiration  is 
pneumonia,  or  to  speak  etiologically  in  view  of  the  work  of  Cole  and  his 
associates,  the  pneumonias.  Sternberg and  Pasteur,  by  a  curious coincidence. 
discovered  in  1880  in  human  šaliva  a  micrococcus  which  caused  fatal  septi- 
caemia  in  rabbits  and  was  designated  the  coccus  of  sputum  septica*mia. 
Four  years  later  Fraenkel  demonstrated  the  fact  that  this  baeterium  is 
the  most  common  germ  in  lobar  pneumonia.  Its  causal  relationship  to  pneu- 
monia  soon  became  generallv  recognized  and  it  has  been  known  from  that 
time  as  the  pneumococcus  or  diplococcus  pneumonise.  Notwithstanding  the 
fact  that  more  than  three  decades  have  elapsed  since  Fraenkel 's  diseoverv,  no 
satisfactory  comprehensive  explanation  of  the  occurrence  of  the  infection 
under  the  widely  var>'ing  conditions  in  which  it  takes  plače  has  vet  been 
formulated.    This  explanation  is  supplied  by  the  theory  of  focal-infeetion. 

For  this  reason  I  plače  the  pneumonias  first  among  the  diseases  of  the 
respiratory  system  caused  by  focal  infection. 

Members  of  the  streptococcus-pneumococcus  group  have  been  shown 
to  be  present  in  the  mouths  of  a  large  number  of  individuals  apparently 
in  good  health,  the  proportion  according  to  various  observers  being  as  bigh 
as  80  or  90  per  cent.  Thev  varj'  greatly  in  vimlence.  In  many  persons 
thev  are  apparently  harmless  denizens  of  the  oro-  and  nasopharvngeal 
spaces ;  in  others  thev  are  always  virulent.  In  view  of  the  transmutability 
demonstrated  by  Rosenow,  changes  in  vimlence  and  pathogenie  selective 
affinity  may  be  assumed  as  a  working  hypothesis.  The  vimlence  increases 
under  conditions  favorable  to  luxuriant  growth.  What  these  conditions  may 
be  is  not  vet  fully  known.  They  are  doubtless  the  same  depressing  influenoes 
which  by  lowering  the  powers  of  the  individual  and  weakening  the  natural 
defenses  of  the  body  favor  8ystemic  infection  from  any  latent  focus.  Lonf^ 
čope  and  Fox  found  the  šaliva  of  the  same  person  more  virulent  in  cold 
weather. 

The  mucous  membrane  and  secretions  of  the  mouth  and  throat  harbor^ 
ing  virulent  pneumoeocei  constitute  a  focus  of  infection  in  the 
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as  the  genital  mucous  membrane  of  the  parturient  womaii  infected  by  pyo- 
genic  baeteria.  A  focus  of  infection  is  not  nece8sarily  a  small  cireumscribed 
lesion  such  as  an  alveolar  abscess.  It  may  consist  of  a  great  mass  of  infil- 
trated  tissue,  as,  for  example,  a  Consolidated  lung. 

When  sy8temie  infection  with  virulent  pneumococci  takes  plače  the 
primaiy  localization  is  in  the  lungs ;  secondary  invasions  give  rise  to  endo- 
and  pericarditis,  peritonitis,  otitis,  sinusitis,  etc,  and  these  affections  are 
described  as  complications.  The  pneumococcus  may  be  isolated  from  the 
blood.  Meta-pneumonic  empyema,  the  pneumococcic  type,  must  also  be  re- 
garded  not  as  a  complication  but  as  an  infective  process,  secondary  to  the 
pneunionia  acting  in  tum  as  a  focal  infection.  Thus  an  autoinfection  occurs. 
This  is  in  the  great  majority  of  instances  the  mode  of  origin  of  pneumo- 
coccus pneumonia — ^the  sporadic  cases.  But  there  are  occasional  instances  in 
which  pneumonia  is  cloarly  acquired.  The  nurse  after  some  davs'  attend- 
ance  upon  the  patient  has  a  chill,  and  forthwith  develoj^s  pneumonia;  and 
there  are  house  epidemicSj  three  or  four  case^i,  and  less  fre(iuently  more  or 
less  €xtended  local  outhreaks,  llnder  these  circumstances  the  infection  is 
transmitted  in  the  usual  way.  Pneumonia  lends  itself  easily  to  transmission 
by  droplet  infection. 

The  conception  of  ** focal  infection"  is  based  upon  four  fundamental 
facts: 

(a)  A  cireumscribed  lesion  or  area  of  bacterial  infection.  Such  a 
lesion  is  usual ly  but  not  necessarily  small ;  a  pneumonic  lung,  a  gangrenous 
uteriLs  or  a  crushed  limb  may  constitute  the  primary  focus.  Nor  is  it 
essentially  a  mass  of  infected  tissue.  The  focal  lesion  in  sporadic  pneumonia 
and  in  diphtheria  involves  the  mucous  surface  of  the  upper  air  i)as8ages ;  in 
erysipelas  the  inflamed  mucous  surface  or  skin  and  the  neighboring  or 
remote  infective  processes  constitute  so-called  complications. 

(b)  The  dissemination  from  the  focus  of  baeteria  by  way  of  the  circu- 
lating  blood  or  lymph.  If  the  focal  baeteria  are  encapsulated  or  confined  to 
a  limited  space  under  conditions  which  prevent  their  access  to  the  body  at 
large,  infection  does  not  occur — nor  does  it  occur  as  long  as  they  remain 
non-virulent  or  quie8cent.  These  facts  are  of  cardinal  importance  in  the 
consideration  of  operative  procedures. 

(c)  A  systemic  or  local  predisposition  to  the  action  of  pathogenic 
organisms  or  toxins.  There  may  be  a  natural  or  acquired  immunity  or  the 
general  defensive  forces  of  the  body  may  at  times  resist  infection.  Under 
these  circumstances  a  focus  of  virulent  baeteria  may  become  a  comparatively 
innocuous  lesion. 

(d)  The  absorption  and  8ystemic  effects  of  bacterial  toxins.  Toxffimia 
having  its  source  in  an  infected  focus  is  an  important  f actor  in  the  causation 
of  certain  forms  of  general  ill  health  and  morbid  conditions  of  various 
tissues  and  organs.  It  may  exert  its  deleterious  influence  diTectly  up(m 
the  nervous  system,  the  heart  and  skeletal  muscles,  the  kidneys  and  other 
organs  or  indirectly  by  lowering  the  power  of  resistance  of  special  tissues  or 
viscera  and  thus  establishing  a  predisposition  to  bacterial  invasion. 

The  pyogenic  baeteria  are  the  most  common  factors  in  focal  infection, 
but  aH  pathogenic  baeteria  may  be  present.  Mixed  infections  are  of  f requent 
occurrence. 
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The  effects  of  focal  infection  may  be  manif ested  in  axLy  tissue  or  struo- 
ture  of  the  body.  The  serous  and  synovial  membranes  are  especially  liable 
to  infection.  Šepsis,  suppurative  lesions,  deep-seated  abscess  formationa, 
endocarditis,  espeeially  the  ulcerative  form,  arthritis,  infeeted  thrombosis  are 
manifestations  of  focal  infection. 

The  diagnosis  involves  the  recognition  of  any  particular  morbid  con- 
dition  as  due  to  focal  infection  and  the  location  of  the  focus.  The  f ormer  is 
in  general  less  difficult  than  the  latter.  At  the  time  of  this  writing  mauv 
sins  are  being  committed  against  the  teeth  and  the  tonsils.  The  assertion 
that  the  removal  of  these  organs  as  a  diagnostic  procedure  is  justifiable  is 
not  wholly  true.  Such  operations  are  of ten  without  f avorable  result ;  some- 
times  followed  by  disaster  from  pulmonary  embolism  or  hemorrhage  or  the 
establishment  of  postoperative  infeeted  foci  in  the  locality  in  whieh  such  a 
lesi  on  did  not  previously  exi&rt.  Becurrent  attacks  of  pneumonia,  aeute 
rheumatic  fever,  erysipelas  and  other  paroxysmal  diseases,  such  as  gout, 
suggest  the  possibility  of  focal  infection  by  bacteria  of  long  perioda  of 
attenuation  and  brief  outbreaks  of  virulence ;  insidiously  developing  visceral 
disease,  in  the  absence  of  obvious  cause,  suggests  the  possibility  of  focal 
infection  with  resulting  tox»mia,  especially  in  view  of  the  fact  that  occasion- 
ally  marked  improvement  in  health  has  followed  the  discovery  and  re- 
moval of  a  focus  of  infection.  In  aH  such  cases  the  search  should  b<' 
systematically  made.  In  this  investigation  the  aid  of  the  skilled  specialist 
in  manv  fields  of  medicine  may  have  to  be  invoked.  The  condition  of 
the  na8opharynx,  accessory  sinuses  and  ears,  of  the  jaws  and  teeth,  of  the 
joints  and  bones,  of  the  genito-urinary  and  pelvic  organa,  of  the  rectum  and 
prostate  must  be  carefully  investigated.  Rontgenograms  are  of  the  greatest 
importance  and  tihonid  always  be  taken  by  an  expert  who  devotes  his  time 
to  that  special  work. 

Schick's  Test 

The  blood  of  a  large  proportion  of  normal  individuals  contains  diph- 
theria  antitoxin  in  quantities  sufficient  to  constitute  immunity  agaiust  the 
infection.  This  test  consists  in  the  injection  into  the  skin  of  an  amount  of 
dii)htheria  toxin  equal  to  one-fiftieth  of  the  minimum  lethal  dose  for  a 
giiinea-pig  weighing  250  grammes.  If  at  the* site  of  the  injection  there  is 
no  local  inflammatory  reaetion  in  the  course  of  twenty-four  or  forty-eight 
hoiirs  the  iudividual  very  rarely  acquires  the  disease.  If  such  a  reactiou 
occurs  immunity  is  absent  and  there  is  liability  of  the  attack.  It  has  beeu 
estimated  that  in  the  fornier  čase  the  blood  contains  one-thirtieth  unit  of 
diphtheria  antitoxin  or  more  per  cubic  centimetre  while  in  the  latter 
the  content  of  the  blood  is  less  than  this  amount.  The  investigations  of 
Schiek,  Park,  Kolmer  and  others  have  shown  that  a  very  large  pereentage 
of  the  ne\vborn  and  adults  and  from  50  to  60  per  cent.  of  children  between 
the  first  and  fifteenth  vears  j)ossess  relative  immunity  against  diphtheria. 
The  immunity  of  very  young  infants  is  probably,  like  that  which  thcv 
enjoy  against  other  aeute  infections,  transmitted  from  the  mother,  and  the 
immunity  of  adult  life  mav  have  been  acquired  by  a  mild  or  unrecognized 
attack  at  an  earlier  and  susceptible  age. 

The  outfit  devised  by  Zingher  of  the  Research  Laboratoiy  of  tha  New 
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York  City  Department  of  Health,  and  consisting  of  a  capillary  tube  eon- 
taining  the  undiluted  diphtheria  toxin  and  a  bottle  holding  sterile  physio- 
logic  saline  solution,  is  very  convenient  for  the  practitioner.^ 

Schick  's  test  should  be  employed  as  a  matter  of  routine  in  those  who 
have  been  reeently  or  are  at  the  tirne  exposed  to  the  contagion  and  as  a 
proteetion  to  the  physicians,  nnrses,  and  other  attendants  in  the  diphtheria 
wards. 

In  the  Philadelphia  Hospital  for  Contagious  Diseases  persons  yielding 
a  positive  reaction  under  these  cireumstances  reeeive  a  series  of  three  injec- 
tions  of  toxin-antitoxin  at  intervals  of  a  week.  These  injeetions  consist 
eaeh  of  a  f ew  drops  of  a  standardized  90-per-cent.  ovemeutralized  solution  of 
toxin  and  antitoxin,  the  amount  of  toxin  remaining  the  same  while  the  anti- 
toxin  is  inereased  at  eaeh  injection.  The  proteetion  thus  induced  is  of  much 
longer  duration  than  that  resulting  from  the  single  immunizing  doses  for- 
merly  employed. 

Acidosis 

Notwithstanding  the  continuous  formation  of  acid  substanees  in  the 
body  and  the  great  variations  in  the  ingestion  of  foods  containing  acid  and 
alkaline  substanees,  the  reaction  of  the  blood  remains  nearlv  constant  under 
normal  and  pathological  states.  This  reaction  is  slightly  alkaline.  It  is 
due  to  the  presence  of  sodium  salts  and  certain  feeble  acids,  principally 
carbonic  and  phosphoric.  When  the  acids  are  inereased,  they  are  neu- 
tralized  by  the  sodium  of  the  carbonates,  and  carbon  dioxide  is  set  free 
and  eliminated  by  the  lungs.  In  like  manner  the  base  of  the  phosphates 
neutralize&  acids  brought  to  them  and  the  acid-phosphate  remaining  is  elim- 
inated in  the  urine.  The  carbonates  and  phosphates  which  thus  stabilize 
the  reaction  of  the  blood  have  been  called  **buifer  substanees''  (Henderson). 

The  term  acidosis  as  it  is  now  used  in  medicine  is  applied  to  a  condition 
eharacterized  by  a  general  abnormal  diminution  in  the  blood  of  these 
buffer  substanees — namely,  bases  or  substanees  whieh  give  rise  to  bases. 

The  designations  ** acidosis"  and  **acid  intoxication''  are  unfortunate, 
since  no  marked  change  in  the  chemical  reaction  of  the  blood  takes  plače 
and  an  actual  acidity  is  incompatible  with  life. 

Acidosis  is  always  a  secondary  condition.  The  acid-base  equilibrium 
is  maintained  by  four  principal  processes — the  excretion  of  COo  by  the 
lunprs;  the  function  of  the  kidney  in  separating  from  the  blood  which  is 
alkaline,  urine  which  is  acid;  the  capacity  of  the  blood  to  dispose  of  con- 
siderable  amounts  of  acid  or  alkali  without  appreciable  changes  in  H-ion  con- 
fcntration  and  the  formation  of  ammonia  which  assists  in  the  neutralization 
of  acid  when  the  fixed  bases  are  no  longer  available.  When  anv  one  of  these 
I)rocesses  is  deranged  acidasis  resultSL 

Acidosis  may  be  recognized  by  changes  in  the  blood,  modifications  in  the 
respiration,  and  alterations  in  the  urine. 

The  changes  in  the  blood  fumish  the  most  direct  evidences  of  acidosis 
but  require  a  difficult  teehnic  not  available  for  ordinary  clinical  work. 

Modifications  of  respiration  are  usually  present:  Air-hunger — hyper' 
pncea — is  extremely  common  but  not  constant.  Its  occurrence  always  suggests 

^Consult  Jr.  Amrr.  Med.  Aasn.,  Isv,  pp.  329, 330. 
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aoidcNsis.  The  chaiigi»s  iii  the  blood  stimulate  the  respiratory  centre  with  the 
result  that  the  pulinonary  ventilation  is  inereased  and  the  C0..»  tension  in 
the  aiveoli  is  diminished.  The  alveolar  air  mav  be  colleeted  by  the  Plesch- 
Levy  niethod  and  examined  by  the  Haldane  apparatus  for  gas  analysisL  The 
noniiai  tension  varies  be t\veen  39  and  45  mm.  A  reduetion  of  COo  tension  in 
the  puimonary  aiveoli  may  also  oecur  in  eonsequence  of  local  ehanpes  in  the 
respiratory  centre. 

The  acetone  odor  of  the  breath  is  observed  in  cases  attended  with 
ketonuria. 

The  urine  in  aoidosds  yields  information  of  importance  when  the  ki(lneys 
are  pernieable.  The  ammonia  may  be  inereased  or  decreased  accordint'  to 
the  tvpe  of  aoidosis.  In  diabetes  and  cholera  the  ammonia  coefficient  usuallv 
rises :  in  certain  tvpes  of  nephritis  it  remains  low.  Acetone  and  the  aceton^ 
biHiit^  an*  not  eonstant  in  acidosis.  nor  when  present  are  they  invariablv 
the  indieation  of  its  existenoe.  Thev  constitute  the  sigms  of  a  disturbance 
of  carlH>hydrate  nietalH^lism  and  ordiuarily  increase  in  diabetic  acidosis  and 
at  times  in  any  tvpe  of  acidosis,  espeoially  in  the  form  dne  to  starvation. 
The  hydn>iren  ion  concentration  of  the  urine  has  but  slight  elinical  siimiri- 
cance.  The  reactions  before  and  after  the  alkali  tolerance  test  are  misleadin.- 
unii^ss  the  excretory  capacity  of  the  kidneys  is  kno\\Ti  to  be  normal.  Thi^^ 
test  is  therefore  available  onlv  in  s»4eoted  eases.  It  ma-v  be  made  either 
by  the  niouth  or  int ra venouslv.  Five  grammes  of  sodium  bicarbonate  are 
taken  by  the  niouth  in  a  moiierate  quantity  of  water  ever>-  two  or  three  honrs. 
the  urine  Ivinir  voided  Ivforehand  in  eaeh  instance.  Samples  of  urine  nt>t 
elearlv  acid  are  to  Iv  lK>ileil  in  onler  to  con  ve  rt  bicarbonate  int  o  carbona*^ 
whicli  rt^acts  rt»adily  to  litnuis.  In  the  oase  of  crastro-intestinal  di-^ea.--  i^r 
when  larsje  di^ses  of  bicarln^nate  are  indicated  intravenous  injection  mav 
lHwnie  nei-essarv.  Strinirent  preeautions  are  required  in  sterilization  :• 
prt^vent  extvssive  fonnation  of  the  carbonate.* 

Acidosis  plays  a  ver>'  important  role  in  elinical  patholoe^'.  In  vanfc'in:r 
de^rees  of  intensitv  it  ocv^urs  in  starvation.  especiallv  after  sudden  depriva- 
tion  of  fiHvi:  in  ivrsons  on  a  pn>tein-fat  diet.  without  carbi^hvdrates,  p:ir- 
ticularly  \vhen  carN^hydnites  have  been  abruptlv  withdrawn:  in  diabe:'*^ 
mellitus.  the  nephritides,  earvliort^nal  disease,  ch'^lera.  pneumonia,  the  in:>?- 
tious  fevers  and  srrave  septic  states:  in  sunrical  aniesthesia  and  e«?lanip<:ii. 
It  is  muoh  more  fre»iueut  in  childrvn  than  in  adults.  beinsr  oommon  in  'i:- 
eases  charaoterizevi  In-  severe  diarrhipa  and  vomirinu  and  in  the  infe^-ti»^Es. 
The  morv  severe  forms  of  acidi.>sis  are  des*.-r:N?d  as  avid  intoxi«?ation.  acii  ir- 
acvvmpanie>.i  by  the  presen..v  of  a-.vron^*  S.vlies  in  the  urine.  The^^e  >":?- 
stauvvs.  houever.  mav  ixvur  in  the  urin«^  in  rhe  a^sen^i-  »^f  :he  onlinar%-  -if-m«« 
of  a»*idosis — iMmiir.iti.ni  in  the  tension  of  the  oarS  n  dii^x:.Ie  •'^"iitent  .  f  th-* 
ah\».!ar  air.  drvivu^^i  r^stv.ra*:-^!!  j. t  ;-r.  iri-Tea^is-«!  mte.  ir.*r**a>e-i  a-.-idfrv  .-^tf 
the  -.rir.t  ;t!\:  ;r.l<;iM  t  >'mr.ce.  rha:  is,  :i:>.;r**  to  ^r>iv..>r  :u:  alkalin«?  r*raeo-c 
o :  :  he  •.;  ri  t  >*  *  'y  : ' .  -.•  :k:  :ii  : :: :  <t  r.i : :  ::  o :  "  v-»  jr.inini  --i  o :  si  ..i :  •;:!:  h  i  -ar^^-ina:-?. 

A' t  ho::  J  h  rvv  i:ru:'.i:::-s  U  the  i-iantitv  .-f  'ii\l::;r:i  '-i-MrS  cate  >"i*«.'i«?i:T  1 1» 
cai;se  :he  -.ir::'-.^  .:  a  x:or?'\''.  ::id:vi..!*.:a!  t>  sho-v  -:\  nl'Nd!ine  reaer  :«•!!.  a  m  o 'i 
irrvatt  r  ji!::  ^-.iiir  u:ay  fs''  to  do  so  in  wr5ons  -arhollv  :r^?e  from  •'linieal  ^nar- 
toms  of  ao:d'^*:>     Wi:h  a  toleranvv  of  sevvntv.r.v«  cra=:!:i-?s  or  m«'kre  4yiFpflu». 
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appears ;  with  one  hundred  and  fif ty  granimes,  air  hunf?er.  It  is  theref ore 
important  that  the  carl)on  dioxide  test  of  the  alveolar  air  or  the  alkali  toler- 
ance test  should  be  employed  when  severe  symptoms  oceur  under  conditions 
which  favor  the  development  of  acidosis  even  in  the  abseuce  of  the  signs 
of  that  syndrome,  in  order  that  in  so  far  as  possible  its  special  caiises  may 
be  removed.  It  is  fortunate  that  the  alkali  tolerance  test  is  at  the  same  time 
a  therapeutic  measure.  In  the  severe  acidosis  of  diabetes  Joslin  recommends 
the  f  ree  administration  of  hot  liquids,  such  as  water,  thin  broths,  tea  to  the 
extent  of  1000  c.c.  in  the  ooiirse  of  every  six  hours,  cleansing*  enemata,  and 
the  withdrawal  of  fats  from  the  diet.  Small  amounts  of  carbohydrates  are 
to  be  given  and  alkali  omitted  or  withdrawn. 

Dehydration 

Litchfield  (1918)^  has  recently  called  attention  to  the  important  part 
played  in  the  symptom-complex  of  manv  serious  diseases  by  the  deprivation 
of  water.  His  clinical  studies  are  based  upon  the  laboratory  researches 
of  Erlanger  and  Woodyatt  (1917)^  and  Wilder  and  Sansum  (1917)«.  After 
a  brief  review  of  the  well-known  f acts  conceming  water  from  the  viewpoints 
of  anatomy  and  physiology,  he  proceeds  to  enumerate  the  symptoms  result- 
ing"  from  the  gradual  or  rapid  deprivation  of  water  in  disease.  The  clinical 
pioture  is  a  f  amiliar  one,  being  made  up  of  phenomena  due  to  the  specific 
effects  of  the  primary  infection,  the  toxa?mia  of  retained  waste  products  and 
nitrojren  starvation.  It  is,  however,  obvious  that  the  deficiency  of  water  is 
of  fundamental  importance.  The  following  symptoms  are  charactcriatic : 
Rapid  respiration,  a  feeble,  thready  pulse  of  high  frequency,  a  systolio 
blood-pressure  of  70  or  60.  The  tongue  is  parched  and  protruded  with 
difficult>';  the  surface  is  dry  and  cool  and  the  skin  shrivelled,  especially 
upon  the  extremities.  The  features  are  drawn  and  pinched,  tJie  eyeball8 
sunken,  the  intra-ocular  tension  loWered.  There  is  diminished  secretion  of 
urine,  sometimes  complete  suppression.  Constipation  is  common,  though 
diarrha»a  fre(niently  oecurs.  The  mental  condition  varies  from  more  or  less 
comi)lete  apathy,  to  restlessness  and  irritability  passing  into  low,  muttering 
delirium  and  coma. 

The  water  equilibrium  may  be  deranged  by  diminished  intake  or  in- 
creased  output.  In  extreme  cases  both  may  be  operative.  The  intake  may 
be  reduced  in  conscfpience  of  nausea,  immediate  rejection  by  vomiting  or 
by  morbid  conditions  of  the  mouth,  throat  or  oesophafsrus  which  prevent  8wal- 
lo\vin<r,  or  of  the  gastro-intestinal  tract  which  prevent  absorption.  Finally 
apathy,  delirium  or  coma  may  render  it  impossible  for  the  time  being  to 
administer  sufficient  fluid.  As  the  taking  of  food  is  practically  impossible,  a 
starvaticm  acidosis  of  acute  and  dangerous  type  is  likely  to  occur. 

A  dangerous  loss  of  fluid  may  be  caused  by  persistent  vomiting,  profuse 
diarrhcra,  excessive  perspiration  or  hemorrhage.  Rapidly  forming  inflam- 
matory  exudate8  into  the  serous  cavities  constitute  an  important  cause  of 
dehydration,  in  particular  when  such  efTusions  are  repeatedly  aspirated. 

The  above-described  water  starvation  is  seen  in  many  grave  infectious 
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diseases  and  is  frequently  the  forerunner  of  death.  Among  the  conditions 
in  which  it  is  especially  liable  to  occur  are  fevers  of  the  typhoid  group, 
sepsis,  e8peeially  postoperative  and  puerperal  sepsis,  peritonitis,  the  menin- 
gitides  and  cerebral  abscess,  the  pneumonias,  empyema;  pieural  elf  usion  and 
Shiga  dysentery.  The  most  striking  forms  of  aeute  dehydration  are  seen 
in  large  hemorrhages  and  in  cholera  Asiatica  and  severe  cases  of  eholera 
nostras. 

The  condition  of  dehydration  closeIy  resembles  surgieal  shock  and  has 
been  treated  among  other  measures  with  some  degree  of  sueeess  by  the 
attempt  to  anticipate  its  oeeurrenee  or  to  restore  the  lost  fluid  by  in  jections  of 
physiological  salt  solution — enteroelysis,  hypodermoelysis  and  the  Murphv 
drip.  It  is  a  result  of  the  experimental  use  of  glucose  in  the  treatnient 
of  artificially  produeed  shock  in  animals  that  its  employment  in  the  treat- 
ment  of  dehydration  in  human  beings  has  attracted  attention.  **0n  theo- 
retical  and  experimental  grounds  supported  by  some  elinical  evidence,  it 
would  appear  that  intravenous  injections  of  glucose  at  appropriate  rates 
are  of  distinct  benefit  in  certain  phases  of  shock  **  (Erlanger  and  Wood- 
yatt)^.  The  prognosia  in  a  condition  frequently  terminal  has  been  so  often 
favorably  influenced  by  the  intravenous  injection  of  suitable  amounts 
of  hypertonic  glucose  solution  that  it  is  referred  to  in  this  conneetion. 
Among  the  effects  are  improvement  in  the  general  appearance  of  the 
patient,  the  clearing  of  the  facies,  slowing  of  the  respiration  and  pulse.  a 
rise  in  the  systolic  blood-pressure,  a  moistening  of  the  tongue  and  mouth. 
The  kidneys  and  bowels  resume  their  functions  and  the  mind  clears.  The 
patient  asks  for  water  and  food  and  presently  may  fall  asleep. 

The  rate  of  administration  is  0.8  gramme  per  kilogram  of  body  weight 
per  hour  of  a  25  per  cent.  solution.  Rigorous  sterilization  of  the  water, 
glucose  and  apparatus  is  to  be  observed.  For  details  of  the  technic  con- 
sult  the  articles  referred  to  in  the  f ootnotes. 

Functional  Tests. 

The  exact  determination  of  the  efficiency  of  the  s*o-ealled  vital  organs, 
the  liver,  kidneys,  pancreas,  heart,  and  ductless  glands  would  be  of  the 
highest  importance  in  the  dia^nosis  of  the  early  periods  of  disease  affect- 
ing  these  organs,  the  recognition  of  atypical  cases  and  prognosis.  Much 
of  the  work  thus  far  accomplished  in  this  field  of  elinical  pathology  is 
inconclusive  and  much  is  unsuited  to  ordinary  bedside  purposes.  The  fcd- 
lowing  tests  are  of  practical  importance.^ 

TESTS  OF  LIVER  FUNCTION 

The  Gli/cogenic  Fundion, 
The  Carbohydrate  or  Sugar  Tests. 

Under  certain  conditions  glucose  is  not  retained  in  the  cells  but  passes 
directly  into  the  blood,  causing  hyperglyeaemia.  Under  these  circiunstancM 
it  is  excreted  in  the  urine  more  or  less  continuously  and  in  varying  amounts. 

•  Loc.  cit.  _ 

>  Consult  alao  Barton.     Manuml  of  Viul  Fonetioiu.  Testing  MeUrn«*«  and  Tbeir  Int«rpret«tioiM 
BottoiL    2nd  £d.    Badcer.  1017. 
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1.  The  Cane  Sugar  Test — One  hundred  and  fifty  or  200  grammes  of 
cane  sugar  syrup  are  taken  f asting.  The  urine  is  coUected  at  intervals  and 
examined  by  suitable  tes.t&  See  page  301  ei  seq.  The  glucose  reaetion 
renders  the  test  positive.  This  test  is  invalidated  by  the  f act  that  there 
are  no  methods  by  which  the  completeness  of  the  converaion  of  cane  sugar 
into  glucose  by  the  action  of  the  intestinal  juices  can  be  known. 

2.  The  Glucose  Test. — One  hundred  and  fif  ty  grammes  of  dextrin-f  ree 
glucose  in  300  e.c.  of  water  are  administered  to  the  f  asting  patient  in  the 
moming.  The  urine  coUected  at  intervals  of  an  hour  in  separate  vessels  is 
tested  for  glucose.  A  positive  reaetion  is  not  conclusive  and  the  test 
should  be  repeated  at  intervals  of  some  days,  due  regard  being  paid  to  the 
permeability  of  the  kidneys  and  the  possibility  of  spontaneous  glycosuria 
after  meals. 

3.  The  Levulose  Test. —  (Honey  may  be  used  as  a  substitute). — One 
hundred  grams  of  levulose  is  taken  fasting  and  the  urine,  voided  at  inter- 
vals of  f our  hours,  is  examined  by  the  fermentation  test  or  the  polariscope. 
See  page  304.  This  quantity  should  not  cause  levulosuria  in  a  normal 
person.  Much  was  expected  f rom  this  test  because  levulose  is  not  changed 
during  digestion  as  it  is  absorbed  as  such.  It  has,  however,  shown  in 
practice  no  advantages  over  the  other  sugar  tests  for  f unctional  efBciency 
of  the  liver. 

4.  The  Galactose  Test. — ^Forty  grammes  of  galactose  dissolved  in  400 
c.c.  of  water  or  tea  taken  on  an  empty  stomach  in  the  morning.  The  urine  is 
coUected  at  intervals  and  tested  for  efugar.  See  page  303.  In  catarrhal 
jaundiee  the  reaetion  for  sugar  is  fairly  constant. 

The  sugar  tests  yield  positive  reactions  in  cirrhosis,  icterus  gravis,  and 
cholelithiasis  and  in  greater  frequency  in  catairhal  than  in  obstructive 
jaundiee ;  but  they  are  complicated  by  unknown  f actors  among  which  in- 
testinal absorption  and  renal  permeability  are  the  most  obvious. 

The  Ureagenetic  Funciion. 

Most  of  the  tests  for  derangements  of  this  function  of  the  liver  are  so 
complicated  that  they  cannot  be  carried  out  except  by  an  expert  chemist, 
and  there  are  many  undeterminable  physiological  factors  which  serve  to 
modify  the  results.  For  these  reasons  this  series  of  tests  are  not  available  for 
ordinary  dinical  work. 

The  Antiiox%c  Function. 

The  tests  for  the  integrity  of  this  function  of  the  liver  depend  upon 
the  fact  that  poisons  reaching  the  organism  by  way  of  the  portal  circula- 
tion  are  arrested  and  destroyed  by  the  liver  cells. 

1.  The  Methylene  BlueTest. — Inject  5  c.c.  of  a  5  per  cent.  solntion  of 
methylene  blue  subcutaneouslv.  Collect  and  examine  the  urine  at  first  in 
half  an  hour,  sul>se(iuently  at  hourly  intervals.  Normally  it  is  colored  at 
the  first"  examination,  the  coloration  attaining  its  maximum  intensity  in 
three  or  four  hours  and  disappearing  in  about  forty-eight  hours.  If  the 
climination  is  not  continuous  but  intermittenti  the  test  is  positive  as  indi- 
cating  insufficiency  of  the  hepatic  cells. 
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2.  Roche's  Modification. — The  methylene  blue  .002  gm.  is  given  hy 
the  mouth  in  capsule  in  the  morning  on  an  empty  stomach.  The  urine 
is  coUected  every  four  hours  in  separate  vessels.  If  the  second  voiding  is 
colored,  the  inability  of  the  liver  cells  to  arrest  the  pigment  is  established. 
The  urine  of  the  later  voidings  is  colored  green.  The  pernieability  of  the 
kidneys  must  be  previously  aseertained.    See  page  309. 

3.  Indicanuria  as  a  Test  of  the  Fixation  Function  of  the  Cells.— It 
has  been  assumed  that  the  normal  liver  is  physiol(^cally  capable  of  de- 
stroying  the  indican  which  is  forraed  in  the  intestine  as  the  result  of  the 
putrefaction  of  albuminoids.  It  Avould  follow  that  the  spontaneous  pres- 
ence  of  indican  in  the  urine  is  evidence  of  impairment  of  the  function  of 
the  hepatic  cells. 

Provocative  Indicantiria« — The  patient  is  restricted  to  an  exclasive 
milk  diet  for  a  few  days.  One-thousandth  gm.  of  indol  is  administered 
on  an  empty  stomach.  The  urine  is  collected  every  four  hours  and  ex- 
amined  for  indican.    A  positive  result  indicates  impaired  hepatic  function. 

Obermayer's  Test — See  page  293. 

The  Sanguinopoietic  Function. 
Estimation  of  Blood  Coagulation  Time. 

1.  Wr^ht's  Method.— See  page  256. 

2.  The  Fibrinogen  Test. — A  rough  estimate  of  the  fibrinogen  content 
of  the  blood  may  be  made  by  coagulating  a<  little  plasma  with  ealcium  and 
testing  the  firmness  of  the  clot  with  a  glass  rod. 

3.  Whipple  Horwitz  Method. — ^Fibrinogen  is  precipitated  by  subject- 
ing  20  C.C.  of  oxalated  plasma  to  a  temperature  of  59°  C.  for  twenty 
minutes.  The  precipitate  is  separated  by  centri  fugation,  washed  with 
sterilized  water,  alcohol  and  cther,  dried  at  120°  C.  and  weighed.  The 
normal  fibrinogen  content  of  the  blood  plasma  is  .30  to  .40  gm.  to  100  c.c 
The  proportion  is  diminished  in  general  lesions  involving  the  parenchyma 
of  the  liver.     In  cirrhosis  it  is  frequently  low. 

4.  The  Fibrinolysis  Time. — The  clot  of  normal  blood  remains  undi- 
gested  for  some  days  or  weeks.  It  has  been  suggested  that  the  dissolution 
of  the  clot  is  caused  by  the  action  of  an  enz\Tne.  In  cases  of  cirrhosis  the 
blood  digests  the  clot  in  a  few  hours  at  body  temperature.  The  activity  of 
the  enzyme  in  question  is  destroyed  by  heat  and  inhibited  by  normal  serum. 

The  Ooodpasture  Test. — ^Blood  is  obtained  from  a  vein  in  the  arm 
and  the  coagulation  time  is  estimated.  A  portion  of  the  blood  is  drawn 
into  1  per  cent.  solution  of  sodium  oxalate  to  prevent  clotting.  This  speci- 
men  is  centrifugated  and  the  fibrinogen  content  estimated.  Portions  of 
the  elot  and  specimens  of  oxalated  serum  are  placed  in  the  thermostat  at 
37°  C.  They  are  examined  at  intervals  of  an  hour.  If  the  test  is  positive 
the  clot  liquefies  and  is  wholly  dissolved  in  three  and  one-half  to  five  honra; 
if  negative  there  is  no  dissolution  of  the  clot  for  «everal  day8. 

Tke  Biliary  or  Exocrinous  Function. 
1.  Testa  for  Baiary  PiEiiient&— See  page  294. 
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TESTS  OF  KIDNEV  FUNCTION, 
The  Watcr  Tc«ts. 

1.  Provocative  Polyuria  Test. — The  morning  urine  is  measured  and 
its  specific  gravity  taken.  Its  total  sodium  chloride  and  urea  are  to  be 
estimated.  The  patient  then  drinks  500  c.c.  of  ordinary  or  mineral  water. 
The  urine  is  eoUeeted  every  half  hour  by  voiding  or  catheter,  if  the  gen- 
eral renal  function  is  to  be  studied;  or  by  ureteral  catheterization  if  the 
lunetion  of  each  kidney  is  to  be  eompared.  The  maximum  polyiiria  is 
reached  under  normal  conditions  at  the  end  of  the  first  half  hour,  and  the 
total  solids  diminish.  If  the  renal  function  is  impaired  the  polyuria  is 
delayed  or  does  not  occur. 

2.  The  Strauss-Qrunwald  Test. — The  patient  takes  no  drink  or  food 
after  7  p.m.  At  6.30  a.m.  the  night  urine  is  collected  and  he  drinks  500  c.c. 
of  water.  The  urine  voided  at  7,  8,  9,  10  and  11  a.m.  is  collected  and  the 
respective  quantity  and  specific  gravity  of  each  portion  determined.  Dur- 
ing  this  whole  period  the  patient  rests  quiet  in  bed  or  upon  a  couch. 
Normallv  the  amount  voided  equals  that  taken,  at  the  beginning,  so  that  by 
10  o'elock  he  will  have  passed  a  pint.  About  8  a.m.  the  specific  gravity  is 
at  its  lowest.  Variations  in  the  amount,  time  and  specific  gravity  point  to 
derangement  of  the  renal  function. 

Sodium  Chloride  Tests. 

1.  Mohr's  Method,— See  page  292. 

2.  A  rough  estimate  of  the  sodium  chloride  content  of  the  urine 
may  be  made  by  adding  to  a  test  tube  of  clear  urine  free  from  albumin  ten 
(irops  of  pure  UNO.,  and  one  drop  of  1  to  8  solution  of  Aq.N03.  If 
chlorides  are  normal  or  increased  a  precipitate  forms  as  a  compact  bali 
which  slowly  sinks;  if  dlminished,  the  globular  mass  of  precipitate  is  les« 
compact;  if  greatly  diminished,  it  forms  a  cloud  withoiit  solid  flakes. 

Estimation  of  Urinary  Nitrogen. 

The  kidney  does  not  play  any  part  in  nitrogen  metabolism.  Its  func- 
tion is  to  excrete  nitrogenous  waste  products  brought  to  it  in  the  blood 
eurrent.  Urinarj'  nitrogen  a«  an  index  of  renal  function  is  represented  by 
the  amount  of  urea  eliminated  under  normal  conditions,  the  patient  being 
')n  a  fixed  diet  and  pursuing  the  same  course  of  life,  with  an  estimate  of 
the  power  of  the  kidneys  to  eliminate  more  urea,  when  the  proteid  intake 
is  increased  or  urea  itself  is  ingested.  The  ordinary  routine  estimation 
of  the  amount  of  urea  in  the  urine  without  the  precaution  of  a  fixed 
n^jrimen  is  insignificant.  If  under  propcr  precautionary  measures  the 
oonstant  approximately  normal  output  of  urea,  about  30  to  34  grammes 
in  twenty-four  hours,  is  maintained,  the  renal  function  of  the  kidneys  may 
l)e  assumed  to  be  equal  to  the  physiological  requirement  of  the  individual. 
This  is  especially  true  if,  the  proteid  intake  being  increased,  the  urea  out- 
put shows  a  prompt  corresponding  rise. 

1.  Marshalfs  Method  of  Urea  Estimation.— This  method  depends 
upon  the  conversion  of  urea  into  ammoninm  carbonate  by  the,action  of  f- 
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eiizyme  pnepared  from  soy  bean.  This  enzyme,  in  a  form  suitable  for  im- 
mediate  use  and  called  urease,  is  prepared  in  the  Hynson,  Westcott  and 
Dunning  Laboratory.  To  estimate  the  amount  of  urea  in  urine,  determine 
with  decinormal  hydroehlorie  acid  and  methyl  orange  the  degree  of  natural 
alkalinity  of  a  portion  of  the  specimen  treated  with  the  enzyme  and  com- 
pare  it  as  to  alkalinity  with  an  equal  quantity  of  the  same  specimen  not 
so  treated.  The  diflPerence  represents  the  ammonium  carbonate  formed  by 
the  breaking  up  of  the  urea  present.  The  amount  of  urea  is  ascertained 
by  calculating  its  equivalent  in  ammonium  carbonate.    See  also  page  290. 

2.  Ainbard's  Urea-G>efficient. — This  investigator,  as  the  result  of  his 
comparative  simultaneous  studies  of  the  urea-content  of  the  blood  and  the 
urine  in  normal  subjects,  concluded  that  (1)  when  the  concentration  of 
urea  in  the  urine  is  constant,  the  excretion  varies  directly  as  the  square  of 
the  concentration  6f  urea  in  the  blood,  and  (2)  when  the  concentration  of 
urea  in  the  blood  remains  constant,  the  excretion  varies  invensely  as  the 
square  rbot  of  the  concentration  in  the  urine^  and  (3)  that  other  factors 
being  the  same,  the  excretion  varies  directly  with  the  weight  of  the  indi- 
vidual.  These  conclusions  are  known  as  Ambard's  laws,  the  mathematical 
formula  by  which  they  are  expressed  as  Ambard's  coefficient,  and  the  con- 
stant  is  indicated  by  the  symbol  **K,''  the  value  of  which  is  in  normal 
human  beings  0.08,  but  in  cases  of  renal  disease  attended  with  an  increase 
in  the  concentration  of  blood  urea  and  a  decrease  of  the  elimination  of 
urea  in  the  urine  the  value  of  **K"  is  greatly  increased.  This  method  of 
renal  funotion  teating  is  not  available  for  the  practitioner.* 

3.  Provocative  Urea  Test. — Thirty  grammes  of  urea  dissolved  in  a  small 
tumblerful  of  water  are  given  with  a  light  breakfast  consisting  of  gruel  or 
some  cereal.  Additional  water  is  taken  afterwards  to  induce  diuresis. 
The  urine  is  coUected  two  hours  before  the  breakfast  as  a  standard  for 
comparison  and  every  two  hours  afterwards  for  twenty-four  hours,  and 
the  urea  content  of  the  diflPerent  specimens  determined  at  the  end  of  the 
period.  Normally  there  is  a  marked  rise  in  urea  excretion  on  the  second 
two-hour  period.  The  absence  or  delay  of  such  a  rise  indicates  deficiencv 
of  kidney  function.  This  test  is  invalidated  by  gastric  stasis  or  delav 
absorption  from  any  cause. 

Dietary   Test  of  Kidneij  Function.     Txv€nty-four  Hour  Test  Meals  for 

Nephritic  Function.^ 

This  functional  test,  originally  suggested  by  Hedinger  and  Schlayer 
(1914)  and  fullv  worked  out  by  Mosenthal  (1915),  has  proved  of  great 
importance  in  the  clinical  study  of  renal  function  and  come  rapidlv  into 
general  use.  It  has  yielded  practical  results  in  the  diagnosis  of  the 
forms  of  kidney  disease,  various  cardiopathies  and  other  conditions  at- 
tended with  derangements  of  urinarv  output  and  dropsical  ^ates.     The 

1  "If  we  decline  to  cpnsider  the  kidney  a  fized  and  unchanfcing  valve  in  the  bottom  of  a  cvUnder  nf 
blood,  and  remember  that  it  is  of  the  same  fundamental  substancefi  and  subject  to  the  same  law8  tnat  apply 
to  blood.  then  we  cannot  be  so  ezacting  in  our  demand  for  mathematical  relationship  between  the  blond 
urea  and  urine  urea.  Since  this  organ  of  ezcretion  is  itself  so  largely  composed  of  blood.  it  seems  obvious 
that  its  function  cannot  be  ezoressed  bv  a  constant  but  will  depend  on  the  phvsico-chemieal  chan|tes  that 
may  occnr  in  the  blood.  There  may,  tberefore,  be  shift«  in  the  constituenta  of  the  blood  that  mil  not  be 
mirrored  by  the  urine.'*    Atch]ey.  Arch.  Int.  Med.,  vol.  22.  No.  3^918. 

s  Arch.  Int.  Med..  1016.  zvi.  p.  788  ti  ««ff.,  and  Bftiion.  p.  97  «<  ttg. 
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iirinary  water  and  specific  gravity  are  accurately  determined  at  intervals 
of  two  hours.  The  salt  and  nitrogen  are  estimated  f or  the  day  and  night 
specimens. 

The  follovving  schedule  eontains  the  direetions  f  or  the  test  meals : 

DIET 

TEST  MEALS  FOR  NEPHRITIC   FUNCTION 

For   Date 

Ali  food  is  to  be  aali-free  food  from  the  kitchen. 

Salt  for  each  meal  is  to  be  furnisbed  in  weighed  amounts.  One  capsule  of  salt, 
containing  2.3  gm.  sodium  chloride,  is  fumished  \i'itb  each  meal.  The  salt  which 
is  not  eonsumed  is  returned  to  the  laboratory,  where  it  is  weighed,  and  the  actua! 
amount  of  salt  taken  calculated. 

Ali  food  or  fluid  not  taken  must  he  iceighed  or  meaaured  after  meals,  and  chartcd 
in  the  apacea  heloic, 

Alloia  no  food  or  fluid  of  any  kind  etrcept  at  meal  times. 

Note  any  mishaps  or  irregularities  that  occur  in  giving  the  diet  or  coUecting  the 
specimens. 

Breakfast,  8  a.  m. 
Boiled  oatmeal,  100  gm.  Coffee,  160  c.c. 

Sugar,  V2  teaspoonful.  Sugar,  1  teaspoonful. 

Milk,  30  C.C.  Milk,  40  c.c. 

Two  slices  bread   (30  gm.  each).  Milk,  200  c.c. 

Butter,  20  gm.  Water,  200  c.c. 

DiNNEB,    12    NooN 

Meat  soup,  180  c.c.  Butter,  20  gm. 

Beef8teak,  100  gm.  Tea,  180  c.c. 

Pota  to    (baked,  mashed  or  boiled),  130       Sugar,  1  teaspoonful. 

gm.  Milk,  20  c.c. 

Oreen  vegetables  as  desired.  VVater,  250  c.c. 

T»'o  nliees  bread  (30  gm.  each).  Pudding  (tapioca  or  rice),  110  gm. 

SUPPEB,  5  P.  M. 
Two  eggs,  cooked  any  Btyle.  Sugar,  1  teaspoonful. 

T\vo  slices  bread   (30  gm.  each).  Milk,  20  c.c. 

Butter,  20  gm.  Fruit  (8tewed  or  fresh),  1  portion. 

Tea,  180  c.c.  \Vater,  300  c.c. 

8  A.  M. — No  food  or  fluid  is  to  be  given  during  the  night  or  until  8  o'clock  the  next 
nioriiin^   (after  voiding),  when  the  regular  diet  is  resumed. 

Patient  is  to  empty  the  bladder  at  8  a.  m.  and  at  the  end  of  each  period,  as  indi- 
tatod  beh>w.  Tlie  »pecimens  are  to  be  tH)llected  for  the  following  periods  in  properlv 
lalK'll4>d  bottles: 

S  A.  M.-IO  A. M.,  10  A.  M.-12  N.,  12  N.-2  P.  M.,  2  P.  M. -4  P.  M.,  4  P.  M. -O  P.  M., 
t  J  P.  M. -8  P.  M.,   8   P.  M. -8   A.  M. 

The  diet  snbjects  the  kidney«  to  a  certain  amount  of  temporary  stress 
since  it  eontains  siibstances  whieh  act  as  diureties.  It  eontains  about  13.4 
jrm.  nitrogen,  8.5  gm.  .salt,  and  1760  c.c.  water,  with  purin  material  in  the 
soup,  meat,  tea  and  coffee.  It  is  essential  to  the  test  that  the  urine  be 
colle(*ted  oxactty  at  the  stated  intervals,  that  no  food  or  fluid  of  any  kind 
be  taken  between  meals  or  durin^r  the  ni^ht  and  that  the  complete  twelv8* 
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hour  night  specimen  be  fully  voided  before  breakfast.  These  precautioDs 
are  necessary  in  view  of  the  promptness  with  which  the  kidnejs  respond 
to  the  ingestion  of  fluid. 

The  urine  of  healthy  subjects  undergoing  this  dietary  test  shows: 

1.  Variations  in  the  speeilic  gravity  of  the  two-hour  specimens  reach- 
ing  nine  points  or  more.  The  variations  are  less  when  the  amount  of  fluid 
is  reduced  or  there  is  diminished  urinary  secretion. 

2.  An  approximate  balance  between  the  output  and  intake  of  salt, 
nitrogen  and  fluids. 

3.  A  night  urine  of  high  specific  gravity,  1016  or  more;  moderate 
amount  not  exceeding  400  c.c.  and  uninflueneed  by  the  amount  of  fluid 
ingested  or  urine  voided  during  the  day. 

It  is  a  function  of  the  kidney  in  health  to  coneentrate  or  dilute  the 
urine  readily  and  thus  maintain  the  normal  coneentration  of  the  fluids 
of  the  body.  Pailure  of  this  function  shows  itself  in  fixation  of  the  specific 
gravity.  This  sign  is  therefore  an  indication  of  disease  whieh  may  pri- 
marilv  reveal  itself  as  nephritis  or  as  extra-renal  and  seeondarilv  impair- 
ing  the  function  of  the  kidney,  as  cystitis,  pyelitis,  hydronephrosis,  renal 
congestion  of  cardiac  origin,  diabetes  or  ansemia. 

An  increase  of  the  amount  of  night  urine  beyond  400  c.c.  is  an  early 
symptom  of  nephritis  and  may  precede  by  some  time  distinct  albuminuria 
and  the  presence  of  casts. 

The  Response  to  the  Dietary  Test  in  Disease. — Chronic  InierstUial 
Xcphritis. 

1.  Fixed  and  low  specific  gravitv. 

2.  Diminished  output  of  salt  and  nitrogen. 

3.  Polvuria. 

4.  Night  urine  differing  from  the  normal  is  increased  in  amount;  low 
specific  gravity  and  low  nitrogen  coneentration. 

These  responses  vary  with  the  grade  of  the  pathological  changes  in  the 
kidney  and  become  very  marked  in  advanced  cases.  Similar  responses  to 
the  dietary  test  are  encountered  in  disease  of  the  urinary  passages,  as  pros- 
tate enlargement,  cystitis,  ureteritis  and  p;\'elitis;  aniemias  of  high  grade 
and  in  certain  diseases  of  the  kidney  other  than  the  nephritis,  as  pyelo- 
nephritis  and  polycystic  kidneys. 

Renal  Congestion  frcnn  Myocardial  Insiifficiency, 

1.  Specific  gravity  fixed,  usually  about  1020. 

2.  Low  output  for  salt. 

3.  A  sufficient  nitrogen  output. 

4.  Persistent  diminished  urinarj'  water. 

5.  Normal  night  urine. 

During  the  elimination  of  the  oedema : 

1.  Low  specific  gravity  tending  to  fixation. 

2.  Nitrogen  normal. 

3.  Salt  output  in  escess  of  intake. 

4.  Water  elimination  greater  than  intake. 
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After  the  oedema  has  disappeared  the  response  to  the  dietary  test  stili 
indicates  impaired  renal  function  as  shown  by  condition  resembling  those 
in  interstitial  nephritis. 

1.  Specific  gravity  low  and  tending  to  fixation. 

2.  Normal  nitrogen  and  water. 

3.  Salt  output  somewhat  diminished. 

4.  Night  urine  variable  in  amount.     It  may  or  may  not  be  inereased. 

5.  Nitrogen  coneentration  low. 

Chronic  Parenchymatous  Nephritis, — During  the  period  of  oedema  the  test 
response  is : 

1.  High  specific  gravity. 

2.  Salt  and  water  retention. 

3.  Nocturnal  polyuria. 

4.  Good  nitrogen  elimination. 

With  the  disappearance  of  oedema  the  response  is  similar  to  that  in 
cases  of  myocardial  insufficiency  iinder  the  same  conditions. 

The  Blood  in  the  Estimation  of  Renal  Function. 

Impaired  renal  function  results  in  the  accumulation  of  the  nitrogenous 
products  of  metabolism  in  the  blood.  It  follows  that  marked  accumulation 
of  incoagulable  nitrogen  or  of  urea  is  evidence  of  renal  insufficiency.  In 
cases  of  nephritis  such  accumulation  is  an  ominous  prognostic  sign. 

1.  The  determination  of  the  urea  in  the  blood  may  be  most  rapidly 
and  accurately  made  by  the  method  of  Marshall,  while  the  teehnic  of 
ostimating  total  incoagulable  or  residual  nitrogen  in  the  blood  serum  vields 
satisfactory  results  by  Morris'  modification  of  the  IIohlweg-Meyer  plan  or 
that  of  Folin  and  Denis.  These  tests  require  a  well-appointed  laboratory 
and  are  impractieable  for  the  general  practitioner. 

2.  The  blood  coagulation  tirne  as  a  test  for  renal  function  requires 
20  c.c.  of  blood  and  is  not  available  for  general  use. 

3.  Cryoscopy  has  not  come  into  general  use.    See  page  308. 

The  Elimination  of    Foreign  Substances  by  the  Kidney8  as  a  Test  of  Function. 

1.  Potassium  iodide,  phloridzin  and  hippuric  acid  ha  ve  been  used  for 
this  purpose,  but  their  emplovment  in  the  clinic  has  been  abandoned. 

2.  The  Lactose  Test. — It  has  been  experimentally  established  that  this 
substance  may  be  regarded  as  an  index  of  the  vascular  and  glomerular 
function  of  the  kidney.  The  teehnic  is  as  follows:  Two  and  five-tenths 
grams  of  pure  lactose  are  dissolved  in  25  c.c.  of  fre8hly  di^tilled  water  and 
pasteurized  for  four  hours  upon  four  successive  days  at  a  temperature  of 
80^  C.  A  fresh  solution  must  be  prepared  for  each  injection  and  the  details 
of  the  teehnic  for  intravenous  injection  carefully  observed.  Occasionally 
there  is  constitutional  reaction,  but  this  occurrence  is  unusual.  The  urine 
voided  at  the  end  of  four  hours  and  at  hourly  intervala  thereafter  is  tested 
for  sugar  by  Nylander'8  reagent.  (See  page  302.) )  The  test  depends  upon 
the  tirne.    Over  8ix  hours  indicates  renal  in8ufficiency. 
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Elimination  of  Dye8  by  the  Kidneys. 

1.  Methylene  blue  and  indigo  carmine  have  been  extensively  employed 
as  tests  of  renal  permeability,  the  tirne  of  first  appearance,  that  of  maxi- 
mum  iiitensity  and  that  of  total  excretion  were  noted  and  formed  the  basi* 
of  deductions  coneerning  the  funetion  of  the  kidneys.  Their  use  for  this 
purpose  has  been  almost  eompletely  saperseded  by  the  phenolsulphonaph- 
thalein  test  of  Rowntree  and  Qeraghty. 

2.  PhenolsulphonaphthaleinTest.^ — Twenty  minutes  to  half  an  hour 
before  giving  the  test  the  patient  is  given  200  to  400  c.e.  of  water  to  in- 
sure  diuresis.  The  bladder  is  eompletely  emptied.  The  tirne  being  noted, 
1  c.e.  of  a  solution  of  the  drug  is  injeeted  into  the  lumbar  museles.  The 
solution  is  prepared  as  f ollows :  .6  gm.  phenolsulphonaphthalein  and  .84  c.c. 
double  normal  NaOH  are  added  to  .75  per  cent.  NaCl  solution  up  to  100  c.c. 
Add  two  or  three  drops  of  double  normal  NaOH.  The  color  beeomes  Bor- 
deaux  red  and  the  solution  is  non-irritant. 

The  urine  is  passed  into  a  test  tube  containing  a  drop  of  25  per  cent. 
NaOH  and  the  time  of  appearance  of  the  first  pinkish  color  noted. 

If  there  is  no  urinary  obstruction  the  catheter  is  not  neces8ary  after 
the  appearance  of  the  color,  and  the  patient  may  then  retain  the  urine  and 
urinate  at  the  end  of  one  hour  in  one  receptacle  and  again  at  the  end  of 
the  second  hour  in  another. 

A  rough  estimate  of  the  time  of  the  appearance  of  the  drug  in  the 
urine  may  be  gained  by  having  the  patient  urinate  frequently  a  small 
amount  without  the  catheter.  In  prostate  cases  it  seems  better  to  keep  a 
catheter  in  situ.  If  this  is  done  the  catheter  may  be  corked  and  this  is 
removed  at  the  end  of  the  first  and  second  hours. 

Each  sample  of  urine  is  measured.  Twenty-five  per  cent.  solution 
NaOH  is  added  to  make  the  color  maximum.  The  urine  is  usuallv  yellow 
or  orange  and  beeomes  deep  purple  on  addition  of  the  alkali.  The  solution 
is  put  in  a  liter  flask  and  diluted  with  distilled  water  to  make  a  quart. 
This  is  thoroughly  mixed  and  a  portion  is  filtered  and  compared  with  a 
standard  in  a  colorimeter.  The  standard  solution  consists  of  .003  gm. 
phenolsulphonaphthalein  ( Vj  c.c.  of  solution  used  for  injection)  diluted  to  1 
liter  and  made  alkalino  with  a  few  drops  of  25  per  cent.  NaOH.  The  test 
solution  retains  its  fine  purplish  color  for  a  week  or  more. 

The  colorimeter  contains  a  wedge-shaped  cup  which  is  filled  with  the 
standard  solution.  The  rectangular  cup  is  filled  \vith  the  solution  to  be 
tested.  The  wedge-shaped  cup  is  manipulated  by  a  screw  until  the  color 
fields  are  identical.     The  percentage  is  read  off  on  the  indicator  scalc. 

Technic  of  the  Phenolsulphonaphthalein  Test  as  Applied  to  Estima- 
tion  of  the  Funetion  of  the  Individual  Kidney. — Twenty  minutes  previ- 
ous  to  the  application  of  the  test  the  patient  is  given  600  to  800  c.c.  of 
water  to  provide  a  free  flow  of  urine.  .  The  ureters  are  catheterized,  a 
special  catheter  In^ing  recommended,  namelv,  the  flute  end  catheter  of 
Albarran  No.  6  or  No.  7.  The  catheters  are  passed  four  inches  into  the 
ureters.  The  cy8toscope  is  \vithdrawn,  leaving  the  catheters  in  siin.  A 
small  urethral  catheter  is  passed  into  the  bladder  to  empty  that  or^mn  and 

*  Barton:  Manual  ot  ViUl  Funetion  Teating  Methodiand  Their  Interpretotion.  2nd  edition.  Rowntre» 
and  Gerashty;  Aroh.  Int  Med..  1912.  ii.  2S4. 
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detect  later  leakage.    The  other  details  of  the  test  are  similar  to.those 
of  the  ordiiiary  teehnic  {q.  v.). 

**Where  only  one  test  can  be  employed  the  most  value  is  unquestion- 
ably  to  be  obtained  f rom  the  use  of  phthalein ;  and  this  is  particularly  so 
from  the  standpoint  of  the  surgeons.'*    Geraghty. 

TESTS  OF  PANCREATIC  FUNCTION. 

The  enormoiis  importance  of  the  panereas  as  an  organ  of  digestion  and 
as  a  gland  of  internal  secretion  stands  in  strong  eontrast  to  our  ability  to 
determine  its  functional  efHcieney  in  either  of  these  respects  by  dinical 
or  laboratory  methods.  Except  in  the  čase  of  gross  changes  such  as  are 
assoeiated  with  aeute  panereatitis,  certain  forms  of  pancreatic  diabetes 
and  manifest  lesion«  as  tumor  or  eyst,  it  is  exeeedingly  difBeult  for  the 
clinician  to  recognize  the  presence  of  disease  of  this  organ  or  determine  the 
eharacter  and  extent  of  the  pathologieal  process.  In  view  of  the  manifold 
and  complex  nature  of  its  physiological  f unetions  and  the  diffieulties  which 
beset  their  experimental  study,  the  unsatisfactory  results  of  efHciency  tests 
are  not  surprising. 

Tests  of  Fiinctions  of  External  Secretion, — 1.  The  Exaniination  of 
theFaeces.— The  stools  in  whieh  evidences  of  impairment  of  the  pancreatic 
functions  of  digestion  are  present — ^as  an  excess  of  muscle  fibres,  undi- 
gested  nuclei,  excess  of  fat  and  split  fats  and  an  excess  of  undigested 
starch  granules — are  usually  very  bulky.  If  formed  the  cylinder8  are  of 
abnormal  diameter.  The  total  dried  faeces  may  weigh  150  grammes  instead 
of  the  normal  average  of  about  50  grammes. 

The  ordinary  methods  of  examination  should  be  preceded  for  three 
days  by  Schmidfs  diet,  which  contains  inconsiderable  amounts  of  aH  three 
varieties  of  food  element«  and  is  therefore  well  suited  to  aH  tests  which 
require  an  examination  of  the  faeces.    See  pages  226  to  232. 

2.  Test  for  Pancreatic  Ferments  in  the  Stools. — Methods  for  the 
quaHtative  and  quantitative  estimation  of  trypsin,  diastase  and  the  Hptolytic 
ferment  in  the  faKjes  are  to  be  consnlted  in  the  manuals  of  laboratory 
teehnic  but  they  are  of  Httle  practical  value  for  clinical  purposes. 

Tests  of  the  Function  of  Internal  Secretion  of  the  Panereas. — These 
are  three : 

1.  The  Cammidge  Reaction.     (See  page  308.) 

2.  Spontaneous  and  Provocative  Alinientary  aiycosuria. — 01ycosuria 
cannot  be  regarded  as  an  indication  of  disease  of  the  panereas,  since  it 
may  have  its  origin  in  disease  of  any  of  the  so-called  diabetogenous  organs. 
This  group  includes  the  kidney,  the  Hver,  the  thyroid,  the  chromaflfin 
system,  the  hypophysis  and  the  central  nervous  system.  The  concurrence 
of  glycosuria  and  the  evidences  of  insufficiency  of  the  extemal  pancreatic 
secretion  warrant8  the  hypothe8is  that  the  diabetes  is  due  to  pancreatic 
disease.  That  such  is,  however,  the  čase,  cannot  be  positively  affirmed  for 
the  reason  that  cases  of  pancreatic  diabetes  may  occnr  in  disorder  of  the 
internal  secretion  without  evidence  of  insufficiency  or  absenoe  of  the 
extemal  secretion. 

3.  The  Pitpaiary  Test  of  Pancreatic  Insufficiency.— Loewi  discovered 
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that  af  ter  the  removal  of  the  pancreas  in  laboratory  animals  the  instillation 
of  adrenalin  causes  dilatation  of  the  piipil.  This  phenomenon  he  attributed 
to  an  inerease  of  the  aetion  of  the  sympathetic  sy8tem  resulting  from 
the  absence  of  the  inhibitory  influence  of  the  internal  secretion.  Under 
normal  conditions  adrenalin  does  not  produce  mydriasis  when  injeeted  into 
the  eonjunetival  sac,  although  it  does  so  when  injeeted  intravenou8ly.  The 
est  is  made  by  the  instillation  of  3  or  4  drops  of  1 :1000  solution  of 
drenalin  into  the  eye.  Mydriafiis  eomes  on  8lowly,  reaching  its  maximum 
in  30  to  60  minutes. 

TESTS  OF  THE  FUNCTIONAL  CAPACITV  OF  THE  HEART. 

The  physiology  of  the  heart  is  extremely  complex.  Englemann  enumer- 
ated  the  following  fundamental  attributes  of  the  cardiac  musculature: 
(1)  The  power  of  originating  contractile  impulses — the  dromotropic  func- 
tion;  (2)  the  capaeity  of  response  to  stimuli;  excitability — bathmotropic 
funetion;  (3)  the  faculty  of  condueting  impulses,  eonductivity — the  dromo- 
tropic funetion;  (4)  the  property  of  contractility — the  inotropie  funetion; 
and  finally  (5)  the  vital  funetion  of  tonicity  in  consequence  of  which  the 
chambers  of  the  normal  heart  maintain  their  size  during  diastole. 

The  normal  interrelation  and  harmonious  exereise  of  these  funetions 
result  in  the  maintenance  of  the  circulation  by  the  regular  alternation  of  the 
cardiac  sy6itole  and  diastole  at  the  rate  in  healthy  adults  of  from  60  to  80 
revolutions  to  the  minute;  in  infants  90  to  140;  in  the  aged  70  to  90. 
Extreme  variations  in  rate  and  power  occur  in  response  to  the  requirements 
of  the  individual  in  health  and  as  the  result  of  diseases.  Those  in  health 
are  as  a  rule  transient ;  while  the  departures  from  the  normal  rhythm  and 
force  which  result  from  disease  are  more  or  less  continuous,  and  those 
due  to  pathological  changes  in  the  heart  or  blood-vessels  are  usually  per- 
sistent.  It  is  of  the  mechanism  of  the  heart  to  adjust  itself  within  wide 
limits  to  the  constantly  changing  needs  of  the  individual.  The  normal 
property  of  response  to  the  demand  for  more  power  hm  been  spoken  of  as 
**the  reserve  power"  of  the  heart,  and  the  capacity  of  continuous  adjust- 
ment  to  the  advancing  requirements  of  valvular  lesions  which  constitut€S 
compensation  is  attended  by  progressive  impairment  of  this  reserve.  The 
recognition  of  the  more  advanced  degrees  of  failure  of  compensation  is 
among  the  simplest  problema  of  clinical  medicine;  there  are  no  tests  by 
which  the  beginnings  of  failure  may  be  determined.  The  recognition  of 
the  eariy  stages  of  functional  impairment  of  the  heart  constitutes  a  legiti- 
mate  subject  of  laboratory  research,  but  the  results  both  as  regards  alike 
the  fundamental  funetions  and  as  regards  the  absolute  power  of  the  heart 
are  thus  far  unsatisfactory  and  the  practitioner  must  content  himself  with 
the  older  clinical  methods  and  such  results  as  attend  the  present-day  use 
of  such  instruments  of  precision  as  the  polygraph,  sphygmodynamometer, 
electrocardiograph  and  the  rontgen-ray8. 

There  are  four  general  groups  of  tests  of  cardiac  funetion : 

1.  Those  based  upon  the  reaction  to  active  or  passive  muscular 
movements. 

These  tests  depend  upon  the  influence  upon  cardiac  funetion,  as  mani- 
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fest  by  changes  in  the  pulse,  blood-pressure,  and  in  the  area  of  precordial 
dulness,  of  various  exercises,  changes  of  posture,  compression  of  peripheral 
arteries  by  the  use  of  a  tourniquet  or  bandage,  resisted  movements,  hold- 
ing  the  breath,  elevation  of  the  arms,  and  so  forth. 

2.  Those  based  upon  cardiac  rellexes. 

This  group  includes  (a)  energetic  frietion  over  the  heart.  If  the 
reflex  is  normal  the  area  of  eardiae  dulness  is  diminished. 

(b)  The  test  consists  in  making  a  series  of  strong  strokes  over  the 
median  line  of  the  abdomen.  A  positive  result  consists  in  an  increase  of 
cardiac  dulness  to  the  right. 

3.  Sodium  chloride  elimination  as  a  test  of  cardiac  function. 

A  constant  daily  quantity  of  sodium  chloride  is  given  for  some  days. 
An  e(iuilibrium  being  determined,  the  daily  quantity  of  sodium  chloride  is 
doubled  and  a  quantitative  estimate  of  the  salt  in  the  urine  is  made.  In 
functional  cardiac  inadequacy,  even  though  latent,  the  salt  elimination  is 
defective  and  there  may  be  oedema.  The  permeability  of  the  kidneys  must 
be  determined  beforehand. 

4.  Instrumental  methods. 

(a)  The  sphyf5mamanometer  (see  page  124). 

(b)  Sphygmobolometry  and  sphygmobolography.^ 

(c)  Energometry.^ 

(d)  Electrocardiography  (see  page  112). 

In  conclufiion,  the  following  quotation  f rom  Hirschfelder '  is  preg- 
nant  with  wisdom  for  the  practitioner : 

**It  must  be  admitted  that  in  order  to  be  decisive,  aH  tests  have  to  be 
pushed  to  a  point  at  which  the  appearance,  sensation  and  signs  of  the 
patient  are  in  themselves  perfectly  characteristic  of  cardiac  insufficiency, 
and  at  which,  for  diagnostic  purposes,  a  little  common-sense  olxservation  is 
at  least  as  unambiguous  as  observation  with  elaborate  apparatus.  This 
does  not  mean  that  exercise  tests  are  unimportant.  On  the  contrary, 
they  are  of  the  greatest  value  and  no  change  in  the  patient 's  mode  of 
living  during  convalescence  or  during  after-life  should  be  undertaken 
without  them. 

'*But  their  importance  depends  more  upon  the  čare  with  which  the 
phy8ician  watches  the  general  appearance  and  condition  of  the  patient,  the 
rapidity  with  which  he  recovens  from  the  exercise,  his  general  condition  and 
\vhether  nervousness,  irritability,  cough  or  insomnia  have  set  in  during 
the  twenty-four  hours  following  it,  than  in  the  numerical  changes  which 
occur  at  the  moment  of  exerci8e.  The  8\Tnptoms  to  be  looked  for  as  evi- 
dence of  overwork  are  well  known.  These  are  subtier  manifestations  re- 
sulting  from  smaller  changes  than  may  be  detected  by  even  the  most  refined 
observation  by  mechanical  methods  and  which  are  less  easily  masked  by 
ambiguities. 

**Moreover,  it  must  be  realized  that  any  one  form  of  exerci8e  fumishes 
data  which  may  depend  as  much  upon  the  condition  of  the  skeletal  muscles 
as  upon  the  heart.    The  blacksmith  with  a  dise&sed  heart  may  be  able  to  do 

1  S«e  Barton  1.  c.  p.  243  el  »eg.,  p.  251  el  šeq. 

>8ee  Barton  1.  o.  p.  263  0I  m«. 

*DiMMM  of  the  Heart  and  Aorta,  3d  ed..  J.  B.  Uppinoott  Company.  PhUa..  1018,  p.  211,  212. 
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more  work  than  the  bookkeeper  with  neurasthenia,  and  yet  under  the  con- 
ditions  in  which  he  lives,  even  if  not  under  the  strength  test  arranged 
f  or  the  average  man,  the  blacksmith  's  heart  may  be  f  ailing.  The  important 
question  is  not  what  the  person  can  do  in  a  gymnasium,  but  what  he  can 
do  and  what  he  cannot  do  in  everyday  life.  Each  man  must  be  fit  for  his 
own  mode  of  life  or  must  be  made  to  ehange  it.  His  cardiac  power  must 
be  studied  with  reference  to  that  mode  of  life  rather  than  with  reference  to 
arigidscheme.'' 

ENDOCRINB  GLANDS. 

The  opinion  prevalent  among  physiologists  until  recent  years  that  the 
chemical  processes  of  the  body  were  confined  to  the  building  up  and  break- 
ing  down  of  various  tissues,  absorption,  combustion,  exertion  and  analogous 
processes  has  undergone  remarkable  changes.  It  is  now  recognized  that 
the  functions  of  the  body  are  regulated  not  only  by  nervous  infiuences  but 
also  by  chemical  substances  that  are  elaborated  by  certain  glandular  ex- 
cretions  and  discharged  into  the  blood  stream.  These  substances  originate 
in  gland-like  organs  that  have  no  discharging  ducts,  as  the  thyroid,  the  para- 
thyroid,  the  thymus,  the  adrenals,  the  hypophysis,  and  the  epiphysis — the 
glands  of  internal  secretion.  They  also  are  elaborated  by  certain  other 
glands,  which  possess  the  additional  fvmction  of  secreting  a  fluid  which  is 
discharged  through  the  ducts — external  secretion.  The  glands  which  pos- 
sess this  double  function  include  among  others  the  liver,  the  pancreas,  the 
intestinal  mucosa,  and  sex  glands.  These  internal  secretions  exercise  a 
profound  influence  upon  the  growth,  development  and  metabolism  of  the 
body,  and  play  a  prominent  part  in  many  pathological  conditions  which 
arise  in  consequence  of  the  hyperfunction,  hypofunction,  or  dysfunction 
of  the  respective  glands,  derangements  of  their  reciprocal  relations  and 
aberrant  combinations,  such  as  arise  in  the  so-called  polyglandular  8yTi- 
dromes.  (See  Diseases  of  the  Ductless  Glands,  Vol.  II.)  Practical  tests  of 
the  functions  of  these  most  important  organs  would  be  of  the  highest  value 
to  the  clinician,  but  despite  the  elaborate  investigations  thus  far  made.  are 
not  vet  available,  a  fact  due  partly  to  lack  of  exact  physiological  knowledge 
of  the  subject  and  partly  to  the  difficulties  which  attend  the  finer  research 
in  metabolism. 

Perhaps  the  šole  outcome  available  for  everyday  medicine  is  the  thera- 
peutic  test  for  impaired  functional  efficiency  of  the  thyroid  gland.  If  in  a 
suspected  čase,  thyroid  extract  be  administered  in  proper  doses,  the  prompt 
disappearance  of  the  sjTnptoms  and  remarkable  improvement  in  the  general 
condition  of  the  patient  constitute  a  positive  reaction. 

Serology.i 

In  the  study  of  the  immune  reactions  of  the  blood-serum  and  the  ac- 
companving  changes  found  in  the  cerebro-spinal  fluid,  we  have  a  seriea  of 
examinations  which  are  an  invaluable  aid  to  the  diagnosis  of  diseases  of  the 
central  nervous  system.  These  tests  provide  a  way  of  differentiating  between 
functional  and  organic  conditions  both  in  neurology  and  p8ychiatryy  and  in 

1  Contributed  by  Conon  Whit«,  M.D..  m  eoIUbontor. 
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syphilis  they  yield  not  only  a  means  of  early  diagnosis  but  act  as  a  guide  f or 
treatment.  Experience  has  shown  that  a  diagnosis  should  in  no  čase  be  de- 
cided  upon  the  result  of  one  test,  but  aH  examinations  of  proven  values 
should  be  investigated  and  the  correet  interpretation  be  made  upon  the  com- 
bined  results  of  the  laboratory  findings  and  careful  clinieal  studies. 

Many  important  facts  conceming  the  cerebro-spinal  fluid  were  demon- 
strated  before  Quineke  (1891)  published  his  observations  on  the  technique 
and  value  of  lumbar  puncture.  No  decisive  studies  of  the  fluid  in  mental  or 
nervous  diseases  were  reported,  however,  until  1901,  when  the  investigations 
of  Ravaut  and  Sicard,  and  later,  Widal  appeared.  Since  then,  innumerable 
researches — bacteriological,  chemical,  serological  and  morphological — have 
been  published,  covering  syphilis  in  aH  its  many  manifestations  and  aH  types 
of  nervous  and  mental  diseases.  These  observations  have  placed  in  the  hands 
oi  clinieians  a  mass  of  material,  most  of  whieh  is  of  immediate  value. 

The  removal  of  the  spinal  fluid  is  a  relatively  simple  procedure  and 
often  of  profound  significance  for  both  patient  and  phvsieian.  No  elaborate 
preparation  is  necessary.  Two  (2)  glasses  of  water  given  just  before  the 
puncture  and  free  evacuation  of  the  bowels  will  usually  prevent  the  head- 
ache  which  often  follows  the  withdrawal  of  the  fluid. 

The  patient  may  sit  on  a  stool  or  edge  of  bed  or  may  lie  on  the  left  side. 
If  the  reeumbent  position  is  assumed  it  is  essential  that  the  patient  lie  on  a 
firm  surf  ace,  so  that  the  midUne  of  the  vertebral  column  and  head  is  straight. 
Manv  failures,  so-called  dry  taps,  painful  punctures,  and  withdrawal 
of  bloodv,  useless  fluids  are  undoubtedly  due  to  attempts  to  puncture  the  sub- 
araclinoid  space  when  the  back  is  curved  by  reason  of  a  sagging  mattress.  In 
either  position  of  the  patient  the  back  must  be  arched  by  the  bending  forward 
of  neck,  head  and  shoulders,  and  the  drawing  up  of  the  knees  on  the  abdomen, 
the  ideal  position  being  that  one  which  gives  the  greatest  width  between  the 
spinous  processos  of  the  lumbar  vertebrje.  When  the  patient  is  in  position 
the  operator,  bv  ninning  his  fingers  along  the  vertebral  spine,  selects  a  soft 
spot  between  thi»  third  and  fourth  or  fourth  and  fifth  lumbar  vertebne.  The 
site  can  be  loeated  by  dra\ving  a  line  between  the  highest  part  of  the  iliac 
crests  across  the  spinal  column.  This  line  passes  through  the  interspace 
between  the  fourth  and  fifth  lumbar  vertebras  whieh  is  the  point  of  election 
because  here  the  space  is  usually  the  widest  and  there  is  less  danger  of 
injury  to  the  spinal  cord  or  sensory  nerve  roots. 

Whon  the  site  is  selected,  the  back  must  be  thoroughly  cleansed — abso- 
lute  sterility  is  essential.  The  baek  is  scrubbed  with  green  soap  and  hot 
^vater,  follo\ved  by  hot  water,  alcohol,  and  ether.  The  site  is  then  painted 
with  ten  per  cent.  (10'/{  )  iodine.  Many  operators  omit  the  preliminary 
cleansin«?  and  give,  instead.  three  coats  of  iodine. 

Hefore  the  actual  puncture  the  skin  mav  be  rendered  less  sensitive  by  in- 
jection  of  coc«ine,  eucaine  or  by  ethyl  chloride  spray.  In  some  cases,  notablv 
paresis  and  tabes,  the  al>sence  of  aH  pa  in  is  marked.  The  introduction  of  the 
needle  is  hardly  noticed  and  ana»sthesia  of  any  kind  is  not  essential.  General 
ann»sth(»sia  is  rarely,  if  ever,  needed. 

The  ne(»dle  most  commonly  used  is  made  of  flexible  material,  preferably 
iridio>platinum,  10  cm.  long  with  1  mm.  bore,  supplied  with  a  8tylet  which  can 
be  locked  in  position  and  is  exactly  flusli  with  the  sharp  but  short-pointed 
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needle.  With  the  site  selected  and  cocainized,  the  needle  is  inserted  with  a 
sudden  thrust  directly  in  the  median  line  and  in  the  centre  of  the  interspace ; 
straight  forward  into  the  spinous  ligament,  then  more  slowly  into  the  canal. 
When  the  canal  is  reached,  which  is  evident  by  the  sudden  give  or  loss  of  re- 
sistance,  the  stylet  is  removed.  Some  operators  prefer  the  insertion  of  the 
needle  (1  cm.)  to  side  of  spinal  column  in  the  interspace  between  fourth 
and  fifth  lumbar  vertebrse,  passing  the  needle  upward  and  inward  toward 
the  centre.  This  method  is  of  value  only  in  fat  subjects;  in  ali  others. 
the  central  position  is  much  easier  and  the  danger  of  touching  the  bone 
much  less. 

When  the  technique  has  been  properly  carried  out  the  fluid  should  be 
free  f rom  blood.  It  is  well,  however,  always  to  collect  the  spinal  fluid  in  two 
(2)  sterile  test  tubes,  in  čase  the  first  be  contaminated  with  blood  or  tissue 
cells.  After  eight  (8)  or  ten  (10)  c.c.  have  been  coUected  the  needle  should 
be  quickly  withdrawn  and  the  plače  of  puncture  sealed  with  collodion. 

Ordinarily,  there  is  no  danger  in  lumbar  puncture  if  infection  be  care- 
fully  excluded  and  the  fluid  is  slowly  withdrawn.  Occasionally,  the  needle 
may  touch  a  nerve  filament,  giving  rise  to  pain  in  the  distribution  of  that 
nerve,  or  the  operator  may  puncture  the  bone,  causing  a  duU  pain  which  may 
last  several  hours.  The  great  majority  of  patients,  espociallv  pareties  and 
tabetics,  are  little,  if  ever,  affected  by  the  removal  of  the  fluid.  There  is, 
however,  another  small  group  of  individuals,  representing  about  seven  to 
ten  per  cent.  of  those  punctured,  who  suffer  for  a  day  or  more  from  severe 
headache,  pain  in  the  back,  and  now  and  again  have  nausea,  vomiting,  and 
diarrhoea.  These  patients  are  usually  those  with  normal  fluid  flndings. 
These  symptoms  are  not  serious  and  arey  easily  relieved  by  rest  in  bed  until 
no  return  of  the  headache  is  noticed  by  the  patient  when  sitting  up.  It  is 
well  to  have  ali  patients  remain  in  bed  after  lumbar  puncture  for  at  least 
twenty-four  hours. 

In  no  sense  do  the  symptoms  recorded  above  constitute  a  contraindica- 
tion  for  puncture.  There  exist,  however,  definite  contraindications.  Nonne, 
in  an  extremely  large  experience,  reported  four  fatal  results  immediately 
following  puncture — ali  cases  of  brain  tumor.  Trocme  coUected  thirty-five 
fatalities  from  the  literature,  one-half  of  which  occurred  in  cases  of  tumor 
of  the  posterior  fossa.  He  is  of  the  opinion  that  successful  puncture  could 
be  performed  in  these  cases  if  made  with  the  patient  in  the  recumbent  po- 
sition and  the  fluid  be  drawn  out  a  drop  at  a  tirne  and  limited  to  2  c.c. 
Kaplan  suggests  the  introduction  of  an  equal  amount  of  sterile  normal  salt 
solution  immediately  after  the  puncture  and  keeping  the  patient  in  bed  with 
the  foot  raised  about  twelve  inches. 

The  fluid  eollected  from  the  spinal  puncture  should  be  fully  examined. 
Experience  has  taught  the  necessity  of  depending  in  no  čase  upon  the  resiilt 
of  one  examination.  No  parallelism  regularly  exists  between  anv  abnormal 
finding  in  the  fluid  and  any  other.  One  cannot  sav  that  because  one  test  is 
negative  another  will  be.  Conclusions  must,  tLerefore,  ])e  drawn  onlv  from  a 
careful  analysis  of  ali  the  examinations  of  known  value  compared  \vith  the 
results  of  these  examinations  in  normal  fluid. 

Normal  cerebro-spinal  fluid  is  a  transparent  water-clear  liquid  with 
a  sp.  gr.  of  1.002  and  1.007.   There  may  be  no  cells  found  in  the  examination» 
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and  there  are  never  more  than  5  per  c.cm.  Occasionally,  there  is  an  isolated 
endothelial  eelL  It  contains  a  faint  trace  of  protein,  the  major  part  of 
whieh  is  globulin.  It  is  always  sterile.  The  Wassermann  Beaetion  and  other 
immune  reactions  are  absent.  The  value  of  other  immune  reactions  in  spinal 
fluid  is  not  established.  A  reducing  substance,  probably  a  sugar,  is  always 
present.  From  these  normal  findings  a  routine  examination  has  been 
developed  which  gives  most  decisive  information.  It  should  include  obser- 
vations  on  pressure,  transparency  and  color — the  significance  of  which  is 
deseribed  later ;  examination  f or  inerease  in  eells  and  f or  inerease  in  globulin 
eontent — tests  which  always  indicate  the  existence  of  organic  change  in  the 
brain  or  cord ;  the  Wassermann  Reaction — a  specific  test  f  or  the  deteetion 
of  syphilis;  and  the  colloidal  gold  reaction  which  diflferentiates  between 
paresis  and  other  types  of  syphilitic  disease.  The  technique  of  these  reac- 
tions can  be  f  ound  in  any  work  on  laboratory  methods. 

Abnormal  Conditions. — The  great  majority  of  nervous  and  mental 
diseases  yield  a  fluid  of  normal  appearance.  Sometimes  on  withdrawal, 
especially  if  collection  of  the  fluid  is  made  entirely  into  one  tube,  there  may 
be  a  faint  cloudiness  due  to  blood-cells  washed  through  the  needle,  and 
recognized  only  when  they  have  been  deposited.  This  is  an  aceident  of 
technique  and  can  be  avoided  by  collecting  in  two  tubes.  In  caae  of 
hemorrhage  into  thesubarachnoid  space,  after  injury  to  the  skuU  or  vertebral 
column  or  following  ventricular  hemorrhage,  a  definitely  bloody  fluid  may 
occur.  In  other  conditions,  as  meningitis  or  abseess,  cloudy  or  even  purulent 
fluids  may  be  found.  This  turbidity  is  due  to  immense  inerease  in  cells  which 
separate  out  from  the  fluid  on  standing,  forming  a  definite  sediment.  This 
sedimentation  is  sometimes  found  in  fluids  which  on  first  sight  seemed  clear. 
Turbidity  occurs  most  fre<iuently  in  bacterial  infections,  and  should 
always  call  for  a  bacteriological  examination.  A  more  important  discolora- 
tion  IS  xanthochromia.  This  fluid  has  a  lemon  yellow  color  about  the  shade 
of  pele  blood  serum.  It  8hows  a  very  marked  inerease  in  globulin;  very 
often  clots  spontaneously  and  contains  usually  only  a  normal  number  of 
cells  or  a  low  pathologic  count.  Nonne  deseribed  this  condition  as  a  spinal 
fluid  compression  syndrome.  Ali  the  cases  reported  occurred  in  paraplegias 
or  in  those  whose  symptoms  were  suggestive  of  cord  compression.  This  type 
of  fluid  has  been  observed  in  a  pachymeningitis  of  the  conus  terminalis  of 
syphilitic  origin,  in  tubercular-meningitis,  in  Potfs  disease,  Landry's 
paralysis,  pachymeningomyelitis,  spinal  cord  tumors,  extradural  and  intra- 
medullary,  carcinomatous  metastases  of  the  vertebra.  The  marked  inerease 
in  globulin  is  pro])ably  due  to  stasis  distal  to  the  point  of  compression  and 
not  to  inflammation.  The  color  is  probably  due  to  a  mixture  of  blood — 
coloring  matter — from  an  old  hemorrhage  or  outwandered  red  cella  The 
Hyndrome  does  not  diff^erentiate  between  extradural  or  intramedullary 
growth8,  nor  give  a  cause  for  the  compression.  It  is  simply  significant  of 
compression  of  the  spinal  cord. 

Pressure.  — As  a  general  rule,  cerebro-spinal  fluid  is  collected  with- 
out  any  reference  to  the  pressure— other  than  noting  the  rate  of  flow  from 
the  canula,  as  the  puncture  needle  reaches  the  dura!  sac. 

It  is  frequently  advisable,  however,  to  know  6xactly  the  height  of  this 
pressure.    One  may  resort  to  the  foUowing  method  (Sahli)  whieh  ir  '^ 
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fieation  o£  the  metbod  originali/  used  by  Quiiicke.  Xo  accurate  estimation 
is  poBsible  unless  the  patient  be  in  a  horizontal  position  with  the  median  line 
of  the  head  on  a  level  with  the  splnal  eanal.  As  soon  as  the  needte  penetrates 
the  dura,  a  connection  is  made  with  a  mercur/  manometer  by  means  of  a 
rubber  tube  filled  with  a  one  per  cent.  solution  of  carbolie  acid.  The  portion 
of  the  manometer  above  the  ievel  of  the  mercury,  forming  the  connection 
between  it  and  the  carboHc  acid  tube,  must  also  be  filled  with  the  fluid.  The 
manometer  is  filled  with  mercury  to  the  zero  point  and  held  in  such  a  manner 
that  this  point  is  on  a  Ievel  with  the  point  of  the  aspirating  needle,  which 
is  possible  with  ordinary  manometers  only  when  the  connecting  tube  is  of 
considerable  length.  Under  normal  conditions  the  dural  pressure,  in  the 
horizontal  poaition,  ranges  between  5  and  7.5  mm.  of  mercury  or  60  to  100 
mtn.  of  water  if  a  water  manometer  ia  used. 

l'iider  normal  conditions  certain  oacillations 

01  pressure  occur.    In  respiration  there  is  a  move- 

rnent  of  about  20  mm.  depth — a  fall  with  inspira- 

tion  and  a  rise  with  expiration.    There  is  also  a 

slighter  variation  eoincident  with  heart  pulsations. 

<  [reat  increase  in  pressure  may  be  caused  by  cough- 

in^r.    straining,    or   SCTeaming.      A    stili    greater 

increase  is  seen  during  muscular  remstanee.  and 

thifl    probably    accounts    for    the    high 

presure  obnerved  in  epileptics  during 

the  convulsions.     After  the  spasm,  the 

pressure  of  the  spinal  fluid  in  these  cases 

is  usua11y  normal. 

High  Pressure.— In  pathologiccMi- 

ditions    the     pres- 

■*'  "-Hure  is  frequently 

—       high.       Oenera]ly, 

Drcuunorthcnnbrs-      lu  acute  dLsease  a 
mS^riii;7»i™^h;;;^1.i:"  H.Srb'd^".SlJ5lS      moderate  degree  of 
'■  "■  "*•■  pressure    increase, 

as  registered  on  the  manometer,  is  assoeiated  vvith  severe  clinical  pressure 
8ympfom3,  while  in  chronic  conditions  the  registered  increase  may  he  much 
more  marked  with  sj-mptoms  iniich  less  severe.  The  pressure  is  usuallv  high 
in  hrain  tumor,  abscess,  and  inflammatory  conditions,  espeGially  those  with 
much  exudate. 

In  hydrocephalus  the  pressure  is  usually  high  and  the  fluid  is  ea8ily 
evacuated  by  himbar  puncture.  Certain  cases,  however,  those  due  to  some 
obstniction  to  the  normal  ouUets  from  the  ventricles,  may  8how  oniv  a  Iow- 
or  normal  pressure.  The  greatest  help  of  a  diagnostic  nature  is  fourid  in  the 
study  of  pressure  in  cases  of  intracranial  hemorrhage  either  from  traunia  or 
apnplexy.  A  bloody  spinal  fluid  of  high  pressure  is  associated  »-ith  concus- 
sion,  fracture  of  the  skull  or  other  trauma,  or  with  ventricular  hemorrhage. 
This  last  may  yield,  however,  a  perfectly  clear  fluid.  Cspsular  hemorrhage, 
on  the  other  hand,  exhibits,  as  a  rule,  a  flnid  vater  clear  and  of  Iow  or 
normal  pressure. 
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Low  Pressure. — Low  spinal  fluid  pressure  readings  are  quite  fre- 
quent  in  cases  with  low  blood-pressure,  in  coUapse,  and  chronic  debility.  A 
low  spinal  fluid  pressure,  in  cases  exhibiting  signs  of  intracranial  pressure, 
denotes  some  obliteration  of  the  upper  part  of  the  cerebro-spinal  eanal,  as  by 
exudate,  impemieability  of  foramen  of  Magendie,  or  occlusion  of  foramen 
magnum  by  the  brain  itself .  This  situation  ia  that  whieh  oecurs  in  cases  of 
hydrocephalus  showing  low  pressure.  It  may  also  happen  in  acute  serous 
effusions,  oedema  of  the  brain,  as  well  as  in  the  more  chronic  conditions,  such 
as  tumors  of  cerebellum  or  tumor  of  the  posterior  fossa.  Often  in  these 
cases  the  first  reading  is  high,  but  after  the  removal  of  one  or  more  cubic 
centimetres,  it  falls  very  rapidly  to  below  normal — showing  no  tendency  to 
rise  again.  This  is  due  to  the  entire  blocking  of  the  foramen  magnum, 
which  before  was  only  slightly  permeable.  It  is  always  serious,  ending 
f  re(iuently  with  f  atal  result. 

Serology  has  been  developed  primarily  in  the  study  of  syphilis,  and, 
therefore,  in  attempting  to  review  the  results  in  nervous  and  mental  diseases 
it  is  well  to  divide  the  entire  field  into: 

(1)  Those  conditions  which  are  manifes-tations  of  8yphilis. 

(2^  Those  symptom-complexes  which  may  or  may  not  be  an  expression 
of  syphilitic  disease. 

(3)  The  serological  findings  in  those  lesions  due  to  orgauisms  other 
thaa  spiroehseta  pallida. 

(4)  Those  conditions  of  unknown  origin  but  which  are  never  due  to  or 
associated  with  syphilis. 

The  first  group  includes  ali  the  clinical  complexes  which  are  directly 
traceable  to  luetic  infection :  syphilis,  skin,  visceral,  nervous,  tabes,  and 
general  paraly8is.  In  infections  an  early  recognition  offers  the  best  and 
often  the  onlv  chance  of  successful  therapy.  The  value  of  serology  lies  in 
the  faet  that  by  means  of  such  examinations  the  disease  may  be  detected  in 
its  incipience  before  any  permanent  tissue  change  has  occurred. 

At  the  time  of  infection,  the  period  of  the  chancre,  the  only  decisive 
diagnostic  factor  is  the  presence  of  the  spirocha?te  in  the  sore.  This  is 
easily  demonstrated  in  smearSi  The  Wassermann  Reaction  of  the  blood  re- 
mains  negative,  as  a  rule,  until  about  the  fourteenth  day,  when  it  becomes 
positive,  increasing  in  intensity  from  then  on  until  in  the  secondary  stage  it 
is  strongly  positive. 

The  spinal  fluid  has  not  beeti  extensively  studied  during  this  period  of 
the  disease.  The  German  literature  has  some  records  of  spinal  fluid 
examinati()ns,  but  ali  with  negative  results.  It  is  very  probable  that  the 
invasion  of  the  cerebro-spinal  axis  does  occur  very  early  in  the  disease  in 
some  individuals.  Plaut  reports  a  syphilitic  cerebral  meningitis  in  a  patient 
whose  initial  sore  had  not  healed;  a  spinal  fluid  Wassermann  was  not  made 
in  this  ease. 

In  the  secondary  stage,  the  stage  of  generalized  infection,  the  serological 
findings  are  most  decisive.  Practically  100  per  cent.  of  the  cases  give  a 
strong  positive  Was8ermann  Reaction  with  the  blood.  The  number  of  spinal 
fluid  examinations  made  is  stili  small,  but  of  suilicient  magnitude  to  prove 
without  doubt  that  a  small  percentage  show  definite  involvement  of  the 
nervous  s>'stem.    Ten  per  cent.  of  the  cases  studied  8how  pleocytosis — ^that  is^ 
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more  than  ten  cells  per  ccm.  Nonne  in  his  studies  thought  that  a  moderate 
celi  inerease  was  probably  present  in  40  per  cent.  of  ali  cases  of  infection, 
without  denoting  any  involvement  of  the  central  nervous  system.  The 
globulin  is  increased,  however,  in  about  13.3  per  cent.  of  cases  examined,  and 
this  always  indicates  the  existence  of  organic  changes  in  the  brain  or  cord. 
The  pressure  is  normal,  as  a  rule,  but  may  be  increased ;  Wassermann  Re- 
action  of  the  spinal  fluid  ia  positive  in  between  10  and  15  per  cent.  of  the 
cases.  A  number  of  definite  cases  of  cerebro-spinal  syphilis  have  been 
reported  in  men  stili  presenting  an  eruption. 

The  majority  of  8eeondary  cases  examined  in  full  give  positive  blood 
Wassermann ; negative  spinal  fluid  Wassermann ;  negative  globulin  test ;  posi- 
tive Fehling's  test;  cells  one  to  five  per  ccm. ;  coUoidal  gold  test  is  ah^olutelv 
negative  or  inconstant.  The  significance  of  this  gold  reaction  when  present 
in  the  fluid  is  not  known.  Approximately  35  per  cent.  of  the  8econdary 
cases  examined  showed  some  changes  in  the  spinal  fluid ;  about  10  per  cent. 
have  ali  the  spinal  fluid  tests  positive,  the  more  usual  combination  of  tbes«' 
latter  cases  being  positive  blood  Wassermann ;  negative  spinal  fluid  Wasser- 
mann ;  slight  inerease  of  globulin ;  negative  colloidal  gold ;  cells  three  to  35. 

It  is  very  important  to  note  that  in  these  cases  showing  definite  abnor- 
malities  in  the  spinal  fluid,  practically  none  showed  symptoms  suggestive  of 
involvement  of  the  central  nervous  system.  On  the  basis  of  the  reported 
cases  less  than  one  per  cent.  of  the  patients  with  secondary  8yphilis  show 
coincident  eei*ebro-spinal  symptoms,  yet  more  than  35  per  cent.  sho\v  spinal 
fluid  changes. 

In  tertiary  syphilis  the  serology  will  vary  definitely  with  the  localization 
of  the  infections.  Cases  exhibiting  skin  or  visceral  lesions,  as  a  rule,  sho\v 
normal  spinal  fluids — i,  e.,  with  negative  Wassermann  Reactions ;  negative 
globulin ;  negative  colloidal  gold ;  positive  Fehling's  test ;  and  cells  one  to  five 
per  cm.  As  soon,  however,  as  the  nervous  system  is  involved,  and  usuallv 
long  before  there  is  anv  clinical  manifestation  of  the  involvement,  the  spinal 
fluid  \vill  become  definitely  pathologic,  and  the  pathology  of  the  fluid  will 
vary  with  the  anatomie  localization  of  the  luetic  focus  in  the  nervous  svstem. 
Many  serologists — Nonne,  Drevfus,  Plaut,  etc. — have  attempted  the  establish- 
ment  of  formula?  for  spinal  fluid  findings  in  nervous  syphilis,  fitted  to  these 
anatomie  loealizations.  Svphilis  may  be  predominatingly  cerebral  or  spinal. 
or  a  combination  of  both.  It  may  be  acute  or  chronic.  It  may  involve 
primarily  and  almost  exclusively  the  meninges,  inner  walls  of  the  arterie««, 
or  the  brain  and  cord  tissue  itself .  The  serological  findings  in  these  different 
types  of  svphilitic  lesions  are  more  or  less  distinct,  and  while  no  hard  and 
fast  lines  can  be  drawn  as  to  the  type  of  findings,  the  formulas  occur  with 
sufficient  freciuency  to  be  of  considerable  diagnostic  value.  In  acute  svph- 
ilitic meningitis  a  turbid  fluid  may  occur;  more  often  it  is  clear.  The  pres- 
sure is  almost  invariably  high.  The  celi  count,  made  up  for  the  most  part 
of  small  mononuclear  cells,  is  high,  averaging  between  150  and  3,000.  The 
more  acute  the  čase  the  higher  the  number  of  polvmorphonuclear  cells  f ound, 
and  vrith  the  inerease  in  polvmorphonuclear  cells  comes  the  diminution  in 
the  strength  of  the  Fehling's  reduction  test,  wliich  in  some  cases  mav  bo 
entirely  negative.  The  Pehling'8  test  is  nsuallj  present,  but  where  absent 
or  diminished  it  always  is  indicative  of  a  veT7  aotive  proeeaa.    Globulin  is 
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excessive  and  the  spinal  fluid  Wassermann  positive.  The  blood  is  also 
positive  in  about  90  per  cent.  of  these  eases.  In  the  more  ehronic  types  of 
syphilitie  meningitis  the  blood  Wassermann  is  positive  in  about  90  per 
cent.  of  the  cases;  spinal  fluid  Wassermann  is  60  per  cent.,  using  a  routine 
of  0.2  c.c,  of  fluid  for  the  test.  With  larger  doses  of  spinal  fluid  100  per 
cent.  are  f ound  to  be  positive ;  the  globulin  test  is  positive  and  the  number 
of  cells  varies  from  about  150  to  1,800.  Fehling"s  solution  is  promptly 
reduced. 

When  the  syphilitic  virus  attacks  primarily  the  inner  lining  of  the 
blood-vessels — the  endarteric  type — the  blood  serum  almost  always  gives  a 
positive  Wassermann  Reaction.  The  spinal  fluid  gives  a  positive  reaction  in 
only  about  60  per  cent.  Globulin  increase  is  absent  or  slight ;  cells  are  nor- 
mal  border  line  or  low  pathologic  count,  3-20.  Fehling's  reduction  is  alway8 
prompt. 

In  the  gummatous  form  involving  brain  or  cord  tissue,  the  serology  will 
vary  according  as  there  is  more  or  less  coincident  meningitis.  The  average 
serology  is  positive  Wassermann  Reaction  in  blood  and  spinal  fluids;  cells 
varying  from  ten  to  one  hundred ;  a  positive  globulin  increase,  that  as  a  ruleis 
not  excessive  ;colloidal  gold  reaction  showing  the  greatest  precipitation  of  the 
gold  in  the  dilutions  one  to  eighty  and  one  to  one  hundred  sixty,  and  in 
these  tubes  it  is  very  seldom  complete.  Fehling's  reduction  is  prompt.  The 
value  of  the  coUoidal  gold  test  is  in  these  cases  considerable.  It  is  f  requently 
essential  to  differentiate  between  cerebral  syphilis  and  paresis.  In  syphilis 
the  spinal  fluid  Wassermann  is  much  weaker,  often  not  demonstrable  with 
the  smaller  amounts  of  fluid.  The  paretic  spinal  fluid  Was8ermann  is 
usually  very  strongly  positive  with  0.2  c.c.  of  fluid.  The  cerebral  syphili8 
gold  curve  is,  as  a  rule,  0.013,310,000,  while  the  paretic  curve  is  almost  in- 
variably  5555543.100.  There  occur  cases,  clinically  identical  with  paresis,  in 
which  ali  the  serological  examinations  are  those  of  cerebral  syphilis,  and 
again  cases  which  clinically  would  be  classed  as  cerebro-spinal  syphili8  whose 
blood  and  spinal  fluid  are  of  paretic  type.  There  are  not  sufficient  autopsy 
records  to  decide  decisively  on  the  relative  merits  of  these  reactions  in 
cases  of  this  kind. 

1.  In  tabes  dorsalis  the  blood  and  spinal  fluid  examinations  are  of  great 
importance,  especiallv  in  the  pre-tabetic  stage — t.c,  when  the  patient  has  not 
well-defined  neurological  symptoms,  but  complains  of  va^e  pains — 
rheumatism,  stomach  and  intestinal  troubles,  etc.  These  symptoms  should 
ahvavs  call  for  serological  examination,  especially  if  in  the  background  is  a 
8yphilitic  historj\  The  serological  findings  in  these  cases  are  of  more 
diagnostic  importance  than  the  Arg>'ll-Robertson  pupils  and  absent  knee 
jerks,  because  they  are  demonstrable  sooner.  In  a  clear-cut,  full-fledged 
čase  the  laboratory  is  not  nearly  so  valuable.  The  more  common  findings  in 
tabes  dorsalis  is  Wassermann  positive  in  blood ;  negative  in  spinal  fluid,  ex- 
cept  where  large  doses  of  spinal  fluid,  0.5  to  1  c.c,  are  test«d.  The  globulin 
reaction  is  negative  or  only  weakly  positive ;  cells  varjing  from  25  to  100 ; 
Fehling's  reduction  is  prompt;  coUoidal  gold  giving  inconstant  results,  en- 
tirely  negative  or  the  luetic  type  of  curve.  Many  cases,  however,  may  have 
negative  blood;  positive  spinal  fluid;  while  stili  others  may  have  ali 
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reactions  and  tests  positive ;  the  cells — 50  to  80  per  c.cm.,  and  a  colloidal  gold 
curve  which  may  be  leutic  in  type  or  show  a  distinctly  paretic  curve. 
Whether  this  last  should  really  be  classed  as  tabo-paresis  cannot  be  cleared 
without  further  autopsy  studies;  certainlry  many  cases  with  this  form  of 
serology  show  no  symptoms  whatever  of  paresis. 

lu  paresis,  again,  the  period  of  extreme  importance  for  seroloidcal  ex- 
aminations  is  long  before  the  symptoms  of  paresis  are  established.  Ali  care- 
ful  serologists  and  clinieians  to-day  are  convinced  that  little  is  gained  in 
the  treatment  of  fully  developed  paresis,  either  clinically  or  serologieally. 

Ali  vague  symptoms  oceurring  in  an  individual  known  to  have  had  a 
luetic  infeetion  should  excite  suspicion  and  eall  for  full  serological  examina- 
tion.  In  the  longer  or  shorter  pre-paretie  siage  mueh  eould  be  done  if  the 
conditions  were  discovered.  The  incipient  stage  of  paresis  has  no  fixed 
formula.  No  one  grouping  of  blood  and  spinal  fluid  findings  means  abso> 
lutely  beginning  paresis.  The  more  usual  result  of  these  examinations  based 
on  a  large  series  of  cases  that  have  ended  as  tvpieal  cases  of  general  paralvsis, 
was  a  stronglv  positive  Wassermann  Reaction  of  the  blood,  that  was  influ- 
enced  very  little,  if  at  aH,  by  intensive  treatment — i.e.,  a  persistent  stronglv 
positive  reaction  in  blood ;  a  negative  reaction  in  the  spinal  fluid,  associated 
with  moderate  increase  in  the  globulin  content ;  a  celi  increase,  as  a  rule,  of 
more  than  60  cells;  a  colloidal  gold  test  shovving  complete  percipitation  of 
the  gold  in  the  dilution  1  to  10,  1  to  20,  1  to  40,  1  to  80,  and  1  to  160. 

In  a  full-fledged  typical  čase  of  general  paralysis  everv  reaction  is  posi- 
tive. The  Wassermann  Reaction  in  both  blood  and  spinal  fluid  isverystrongly 
positive,  comparable  in  intensity  only  with  the  reaction  as  it  is  found  in 
secondary  syphilis  at  the  height.  The  lesions  here  are  parench\Tnal.  The 
spirochsetes  are  placed  deeply  in  the  brain  substance.  The  meningeal  irri- 
tation  is  slight  and  the  globulin  increase  and  celi  count  (17  to  50)  moderate. 
Pehling's  solution  is  promptly  reduced;  the  cells  found  in  the  fluid  are 
practically  100  per  cent.  lymphocytes.  The  colloidal  gold  test  is  very 
decisive;  the  average  being  complete  precipitation  charted  empirically 
as  5,  in  the  dilution  1  to  10, 1  to  20, 1  to  40, 1  to  80, 1  to  160,  and  1  to  320 ; 
moderate  precipitation  1  to  640 ;  less  in  1  to  1,280.    None  in  other  tubes. 

In  the  late  stages  of  paresis,  the  stage  of  complete  dementia  and  general 
decline,  the  reactions  may  aH  continue  positive  or  they  may  ali  become  neg- 
ative. They  may  become  entirely  negative  with  treatment — ^slitrht, 
moderate  or  intensive — or  with  no  treatment  whatever. 

Mitchell,  Newcomb  and  Darling  reported  a  series  of  spinal  fluid,  celi 
counts,  etc,  made  in  untreated  paretics.  The  fluid  was  taken  every  two 
weeks  for  a  period  of  some  twenty  weeks.  The  highest  counts  occurred  in 
full-fledged  cases,  especially  those  showing  excitement  and  grandiose  ten- 
dencies ;  but  they  also  occurred  in  some  patients  with  marked  dementia  and 
in  some  with  comparative  remissions.  In  some  of  their  individual  cases 
very  great  variations  in  the  counts  occurred  from  week  to  week,  as  30  to  150 ; 
2  to  15;  O  to  30;  O  to  60 — with  apparenty  no  change  in  the  patient's  con- 
dition.  It  is  evident  from  their  reports  that  a  reduetion  to  a  normal  count 
may  occur  in  this  disease  without  any  treatment,  other  than  the  drainage. 

Many  reports  of  cure  in  paresis  have  appeared  in  the  literature  based 
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on  the  absence  of  the  ordinary  reactions,  the  dementia  being  explained  as 
the  result  of  the  previous  disease.  In  judging  the  result  of  any  treatment  it 
is  essential  to  remember  the  tendency  to  remission  in  this  disease  with  and 
without  improvement  in  the  serology,  and  to  variations  in  the  serological 
findings  with  and  without  any  clinical  improvement. 

A  low  eount  may  arise  and  continue  f or  months.  The  globnlin.  excess 
also  may  var>'.  The  most  common  serological  eombination,  however,  in  the 
late  stages  of  paresis  is  negative  blood  Wassermann  Beaetion;  positive 
spinal  fluid  Wassermann;  negative  globulin  excess  (or,  if  presen  t,  a  weak 
reaction) ;  cells,  35  or  less — often  none;  a  prompt  reduetion  of  Fehling's 
solution,  and  a  colloidal  gold  reaction  which  retains  its  typical  paretic  type. 

Definite  conclusion  coneerning  treatment  should,  therefore,  not  be  based 
on  fall  in  celi  count,  globulin  or  even  Wassermann  reactions,  unless  there 
is  a  coincident  and  permanent  clinical  improvement,  especially  when  it 
is  realized  that  fall  ing  counts  and  loss  of  other  reactions  are  not  un- 
common  before  death  in  paresis  and  occur  very  frequently  in  rapidly 
progressive  cases. 

About  3  per  cent.  of  the  patients  examined  may  be  entirely  negative  in 
both  blood  and  spinal  fluid  before  death  and  show  spirochaete  in  the  brain 
tissue  at  autopsy. 

In  congenital  syphilis  the  serology  is  the  same  as  in  the  adult  type. 
Under  treatment  the  tests  of  blood  and  spinal  fluid  tend  to  become  normal. 
The  closer  the  treatment  to  the  initial  infection  the  more  prompt  and  per- 
manent is  the  result.  With  the  intravenous  injection  of  Salvarsan,  the 
blood  Wassermann  generally  disappears  first.  With  the  Swift-Ellis  intra- 
spinal  treatment  the  celi  count  is  first  influenced,  probabIy  as  much  by  the 
removal  of  the  fluid  as  by  the  administration  of  the  serum.  The  result  of 
the  treatment,  as  evidenced  by  the  retum  of  blood  and  spinal  fluid  to  nor« 
mal  findings,  is  least  encouraging  in  tabes  and  general  paralysis.  AH  ex- 
udative  conditions  are,  as  a  rule,  promptly  influonecd  by  therapy — both 
serologically  and  clinicallv,  although  there  is  no  hard  and  fast  rule  as  to 
which  finding  will  disappear  first. 

2.  The  next  great  value  of  serological  examination  lies  in  those  condi- 
tions which  may  or  may  not  be  caused  by  syphilis.  When  syphilis  is  the 
etiological  factor  the  examinations  will  give  the  ordinary  leutic  results, 
previously  described.  In  a  few  conditions,  other  tests  have  been  dovised 
\vhich  add  some  decisiveness  to  the  results,  but  as  a  rule  the  only  role  of 
serolog>'  is  to  eliminate  svphilis  as  a  cause. 

An  endarteric  svphilis  may  give  rise  to  hemiplegia — embolism,  throm- 
bosis,  cerebral  softening,  or  to  the  eorebral  palsies  of  children  with  the  tvpical 
serolojrv  of  spinal  syphilis.  When  due  to  any  other  caiise  the  results  of  the 
blood  and  fluid  examinations  in  ali  these  lesions  are  uniformly  negative. 

Ilvdrocephalus  usually  is  entirely  negative.  In  acute  cases  there  may 
be  a  marked  celi  increase  and  the  globulin  may  be  excessive.  Pressure  is  al- 
ways  high.  In  post-traumatic  hydrocephalu8  there  is  an  increased  pressure 
and  increased  amount  of  fluid,  but  cells  and  globulin  are  generally  normal. 
In  concussion  with  f  racture,  however,  there  may  be  a  dear  or  bloody  fluid, 
increased  pressure,  and  cells  that  may  or  may  not  be  increased ;  globulin  is 
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iisually  normal,  but  may  also  be  increased.  It  will  always  be  escessive  in 
bloody  fluids. 

In  fracture  with  infection  the  fluid  becomes  turbid;  pressure  verv 
high;  globulin  markedly  increased;  bacteriological  examination  shows  the 
infecting  organism. 

A  gumma  or  tuberculoma  may  give  rise  to  the  elinical  pieture  of  brain 
tumor,  and  the  gumma  gives  the  ordinary  leutie  serology.  A  true  brain 
tumor  is  usually  assoeiated  with  a  normal  blood  and  spinal  fluid — ^the  latter 
under  increased  pressure.  Rarely  there  may  be  a  slight  increase  in  cells, 
seldom  above  the  border  line  counts.  A  globulin  increase  may  be  present  or 
absent,  dependent  upon  the  position  of  the  tumor  and  the  presence  or  absence 
of  meningeal  irritation. 

The  diseases  of  the  spinal  cord — excluding  cerebro-spinal  syphili8, 
tabes  dorsalis  and  inflammations — are  practically  ali  entirely  negative 
8erologically. 

Combined  sclerosis  gives  entirely  normal  results  with  the  routine 
serological  examination,  but  is  usuallv  assoeiated  with  more  or  less  severe 
blood  changes.  A  few  cases  show  an  increase  in  the  globulin  content  of  the 
spinal  fluid  unassociated  with  a  celi  increase.  This  type  of  spinal  fluid  may 
be  found  also  in  syringomyelia,  hematomyelia,  disease  of  the  caud£equina, 
tumor,  Pott*s  disease,  and  a  few  other  conditions. 

The  serology  of  spinal  cord  tumors  will  depend  on  the  nature  of  the 
tumor,  a  gumma  giving  the  ordinary  luetic  reactions.  The  compression 
syndrome  of  Nonne  is  a  not  uncommon  finding — that  is,  the  lemon  yellow 
color  xanthochroma,  enormously  increased  globulin  reaction  with  little  or  no 
increase  in  cells.  ^Most  of  these  fluids  coagulate  spontaneously.  Fehling's 
reagent  is  at  times  not  reduced. 

Involvements  of  the  nerves  are  almost  invariably  negative  to  luetic 
tests.  Spinal  fluid  findings  are  entirelv  negative,  herpes  zoster  alone  at  times 
showing  a  moderate  celi  increase — 3  to  20  cells. 

Functional  neurosis  and  insanities  may  occur  in  syphilitic  persons,  but 
in  those  not  leutie  the  serology  is  uniformly  negative.  This  is  true  also  of 
epilepsy,  tetany,  chorea,  paralysis  agitans,  Graves's  disease,  mjrioedema, 
acromegaly,  myasthenia  gravis,  etc. 

Aside  from  those  conditions,  which.  now  and  again  are  caused  by  or 
assoeiated  with  syphilis,  there  is  a  large  group  due  entirely  to  infections 
which  have  a  serolog>^  of  their  own. 

3.  In  the  infections  of  the  meninges  the  "VVassermann  Reaction  is  in 
aH  save  syphilitic  meningitis  negative  in  both.  blood  and  cerebro-spinal  fluid. 
The  globulin  is  always  increased,  and  increased  as  a  rule  to  a  greater  extent 
than  is  found  in  any  čase  of  syphilis.  The  celi  count  ranges  from  100  to 
30,000,  often  too  many  for  accurate  count  without  dilution.  The  highest 
celi  counts  observed  oocur  in  infections  due  to  the  streptococcus.  The  cells, 
except  in  tubereular  meningitis  are  predominantly  polynuelear;  Fehling'8 
solution  is  usually  not  reduced ;  colloidal  gold  tests  are  very  irregular  and 
of  little  value.  Most  meningitic  spinal  fluids  predpitate  the  gold  in  the 
tubes  of  higher  dilution,  as  1  to  320  and  1  to  640. 

In  these  cases  the  most  important  part  of  the  esamination  is  the  study 
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of  the  cytology  and  bacteriology.  In  the  majority  of  cases  the  bacteria  can 
be  demonstrated  in  smear  preparations,  and  yet  in  ali  cases  cultures  should 
be  made.  In  tubercular  meningitis  the  fluid  may  be  elear  or  £aintly  opal- 
eseent ;  globiilin  is  increased  and  the  inerease  can  be  demonstrated  even  af ter 
diluting  the  fluid  five  times.  The  cells  are  small  mononuclear  lymphocytes 
and  may  vary  f  rom  60  to  30,000,  usually  between  200  and  300.  Organisms 
may  be  found  in  gmears;  more  often  none  are  found  or  found  with  great 
difficulty,  and  animal  inoculations  will  be  necessary.  In  meningococcus  in- 
fection — epidemic  cerebro-spinal  meningitis — the  cells  for  the  most  part 
(polvnuclear)  rise  to  several  thousand  per  c.cm.,  often  too  abundant  to  ac- 
curately  count.  The  globulin  is  greatly  in  excess.  Other  proteins  are  also 
increased  to  demonstrable  amoiints.  Fehling^s  reduction  is  absent.  Smears 
made  f  rom  the  sediment  show  numerous  gramme  negative  intracellular  dip- 
lococci.  These  grow  on  Loffler*s  blood  serum  or  ascitic  broth  containing  1  per 
cent.  dextrose.  Blood  serum  of  infected  cases  contains  specific  agglutinins 
for  meningococcus.  With  pneumococcus  infection,  a  full-fledged  menin- 
gitis is  common  with  typical  meningeal  fluid  reactions  and  yielding  pneu- 
mococcus on  culture.  It  is  possible  to  have  during  a  general  infection  a 
spinal  fluid  from  which  pneumococcus  can  be  cultured,  but  \vithout  any 
clinical  signs  of  meningitis.  The  spinal  fluid  may  or  may  not  have  a  celi 
inerease  or  globulin  inerease.  It  may  be  turbid  or  clear.  The  great  majority 
of  cases  of  pneumonia,  however,  have  sterile  spinal  fluid. 

Besides  the  meningitis  due  to  meningococcus,  pneumococcus  and  tubercle 
baeilli,  exactly  similar  conditions  wth  the  same  kind  of  spinal  fluid  findings 
occur  with  infection  by  bacillus  of  influenza,  diphtheria,  tvphoid,  paraty- 
phoid,  staphylococcus,  streptococcus,  and  more  rarely  B.  coli,  B.  pyocyaneus, 
B.  mallei,  B.  anthracis,  saccharomvces,  actinomyces.  The  globulin  and  celi 
content  are  uniformly  increased,  the  degree  of  excess  varying  with  the  vini- 
lenee  of  the  invading  organism.  Meningitis  has  also  been  caused  by  trichina 
spiralis. 

This  tvpe  of  spinal  fluid  also  occurs  to  a  lesser  degree  in  cerebral  ab- 
Kcess.  If  the  abscess  is  \vell  eneapsulated  the  fluid  may  be  entirely  negative. 
The  degree  of  spinal  fluid  changes,  as  a  rule,  is  dependent  on  the  amount 
of  meningitic  reaction.  A  negative  result  can  also  occur  when  communi- 
cation  \vith  subarachnoid  space  is  shut  oflF.  Celi  count  mav  then  be  border 
line  and  globulin  excess  very  mild.  Pehling's  reduction  test  is  positive,  ex- 
cept  in  fluids  which  become  fiUed  with  pus  cells. 

Encephalitis  and  cerebritis  have  followed  mumps,  ervsipelas,  typhus, 
malaria,  inHuenza,  and  pneumonia.  It  is  not  uneommon  after  infected  head 
wounds.  S\^nptom8  are  those  of  meningitis.  There  is  an  inerease  in  cerebro- 
spinal  fluid;  an  increased  spinal  pressure;  the  celi  count  of  the  spinal  fluid 
is  never  very  high ;  globulin  increased  but  never  excessive ;  cultures  of  blood 
and  cerebro-spinal  fluid  may  be,  and  generally  are,  sterile. 

In  mvelitis  sterile  fluids  are  more  often  found  than  those  yielding 
organisms  on  culture.  Cells  may  be  normal  or  very  slightly  raised ;  globulin 
is  generally  very  little  increased ;  the  blood  cells  usually  8how  changes ;  blood 
cultures  are  usually  negative;  Pehling's  reduction  test  is  weak  or  absent. 

In  anterior  poliomyelitis  cultures  on  ordinary  media  are  negative.    The 
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fluid  is  infective  because  of  a  filterable  virus  wliich  it  contains.  Wa88ermann 
Reaction  in  blood  and  spinal  Suid  is  always  negative.  At  an  early  stage  of 
the  disease,  espeeially  bef ore  the  onset  of  the  paralysis,  the  spinal  fluid  shovrs 
a  moderately  increased  celi  eount  with  a  low  or  normal  globulin  content 
Polynuelear  cells  may  represent  at  this  tirne  at  least  90  per  cent.  of  the 
total,  but  usually  the  cells  are  almost  entirely  made  up  of  lyniphoeytes  and 
large  mononuclear  cells.  After  the  first  two  weeks  the  celi  count  drops  to 
normal  or  nearly  normal  and  there  is  frequently  an  increase  in  the  globulin 
which  persists  for  se  ven  weeks  or  longer.  AH  fluids  reduce  Pehling^s 
solution. 

There  exists  one  other  group  of  meningeal  conditions  where  the  serologr 
is  more  or  less  distinctive.  These  are  hypertrophic  spinal  meningitis  and 
pachymeningitis  hemorrhagica.  The  Wassermann  Reaction  in  the  blood  and 
spinal  fluid  ifl  always  negative.  There  are  no  cells,  but  a  marked  excess  of 
protein,  albumen  and  globulin,  which  coagulates  on  heating.  In  pachymen- 
ingitis  hemorrhagica  the  fluid  may  have  a  distinct  pink  color,  due  to  blood 
coloring  matter. 

4.  In  aH  the  other  neurological  or  psychiatric  conditions  serology  offers 
little  of  moment.  Many  studies,  as  H-ion  content,  urea,  uric  acid,  cholesterin 
content,  etc,  have  added  to  our  sum  total  of  knowledge  but  yielded  nothing 
of  clinical  help.  From  these  clinical  studies  a  few  facts  have  been  col- 
lected.  In  ura?mia  there  may  be  an  increase  in  chlorides  in  the  cerebro- 
spinal  fluid  without  a  corresponding  increase  in  urea,  while  in  other  cases 
there  may  be  an  increase  in  urea.  In  diabetes  the  glucose  is  often  markedlv 
increased.  Acetone  is  frequently  present  and  diacetic  acid  has  been  found, 
but  only  in  very  profound  intoxications.  Acetone  has  also  been  found  in 
cases  of  Addison's  disease. 

Rčsuinč. — Serology  which  includes  examination  of  blood  and  spinal 
fluid  establishes : 

1.  By  means  of  the  Wassermann  Reaction: 

(a)  A  method  of  diagnosing  syphilis; 

(b)  Of  eliminating  syphilis  as  a  causative  agent; 

(c)  Of  detecting  svphilis  a.s  a  complicating  factor. 

2.  By  means  of  the  eolloidal  gold  reaction : 

(a)  Method  of  differentiating  paresis  from  less  malignant  forms  of 
syphilis. 

3.  By  means  of  the  globulin  test  and  celi  count : 

f  a)  A  method  of  differentiating  organic  from  functional  diseases. 

4.  By  means  of  baeteriological  examination : 

(a)  Determining  the  causative  agents  in  cases  of  infections. 

Aller^:  Anaphylaxis:  Serum  Sickness. 

These  terms  are  used  in  a  general  way  to  designate  the  train  of  svmp- 
toms  caused  by  protein  poisoning. 

Foreign  proteins,  though  constantly  introduced  into  the  alimentary 
eanal,  do  not  under  normal  conditions  gain  access  to  the  fluids  and  tissues  of 
the  body.  To  do  this  they  must  £r8t  be  acted  upon  by  the  proteoly1ic  f er- 
ments  of  the  digestive  fluids  and  «plit  up  into  len  oompleK  bodies  as  peptons 
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and  amido  acids,  in  which  form  they  pass  through  the  mucosa  of  the  digestive 
traet  to  gain  access  te  the  interior  of  the  organism. 

Under  certain  eircumstanees,  however,  foreign  proteins  reach  the  fluids 
and  tissues  of  the  body  without  having  undergone  ehanges  in  their  con- 
stituent  form.    This,  as  Vaughan  has  pointed  out,  oeeurs  in  three  different 

ways : 

First,  As  the  result  of  abnonnal  permeability  of  the  intestinal  mucosa 
in  certain  individuals  f  or  particular  proteins.  Under  this  heading  are  to  be 
grouped  the  various  food  idiosyncrasies  described  further  on.  The  striking 
peculiarities  of  this  form  of  protein  poisoning  are  the  rapidity  with  which 
the  symptoms  develop  after  the  ingestion  of  the  olfending  article  of  food, 
the  minuteness  of  the  quantity  capable  of  giving  rise  to  intense  symptoms, 
and  the  specific  nature  of  the  poisoning  as  manifest  in  the  prominence  of 
cutaneous  and  respiratory  manifestations. 

Second,  Parenterally,  that  is  to  say,  not  by  way  of  the  mucosa  of  the 
digestive  tract,  but  directly  into  the  liuids  and  tissues  by  experimental  injec- 
tion  or  the  use  of  therapeutic  sera. 

If  a  normal  guinea-pig  receives  a  small  amount  of  normal  horse  serum 
by  injection  subcutaneously,  intravenously  or  into  the  peritoneum  no 
apparent  change  takes  plače.  Nevertheless  remarkable  effects  have  been 
produced  in  the  fluids  and  tissues  which  do  not  manifest  themselves  until 
a  later  period  and  under  definite  specific  conditions.  If,  after  several 
weeks,  the  aniraal  thus  treated  is  again  injected  with  the  same  dose  of 
normal  horse  serum,  urgent  svmptoms  immediately  occur  and  death  may 
follow.  The  horse  serum,  which  upon  the  first  injection  had  no  manifest 
effect,  has  become  on  the  second  injection  an  intense  poison.  A  proper  inter- 
val of  t  ime  must  elapse  between  the  two  injections  for  the  manifestation  of 
these  ehanges.  If  the  re-injection  is  performed  in  the  course  of  a  few  days 
no  toxic  phenomena  result.  This  **  condition  of  unusual  or  exaggerated  sus- 
ceptibility  of  the  organism  to  foreign  proteins  "  (Rosenau)  has  beon  desig- 
iiated  anaphylaxis. 

Third,  Foreign  protein  may  enter  the  body  as  the  result  of  bacterial  in- 
fection.  Under  these  eircumstanees  the  cellular  elements  which  constitute  the 
proteins  have  the  capacity  of  growth  and  multiplication  after  their  introduc- 
tion  into  the  body.  During  this  prOcess  certain  body-cells  are  stimulated  to 
the  production  of  an  enzj-me  capable  of  destroying  the  pathogenic  organism. 
**  As  tlie  bacterial  celi  is  broken  up  under  the  influence  of  the  special  enzvme, 
poisonous  products  are  liberated  which  exert  their  harmful  action  and  give 
rise  to  the  symptoms  of  illness.  This  special  ferment,  once  formed,  remains 
in  the  body  after  recovery  from  the  disease,  and  is  stored  up  in  certain  cells 
as  a  zymogen  for  future  use.  AVhen  subsequently  a  bacterial  celi  of  the  same 
speeies  again  enters  the  body,  jts  presence  at  once  reactivates  the  zvmogen 
alr(»a(ly  formed,  and  const»quently  the  invading  organLsm  is  destro:\'e(i  before 
it  ha.s  had  opportunity  to  grow  and  multiply  to  anv  extent.  As  a  result  of 
this  fact  the  individual  once  aflfected  has  acquired  an  active  immunitv  to 
8ubse(|uent  attacks  of  the  same  di?^ase."  * 

Allerj^. —  Von  Pirquet,  basing  his  conclusions  on  a  series  of  clinical 
observations,  suggeated  this  term,  which  literally  means  altered  reaction,  to 
designate  the  phenomena  under  consdderation  without  indicating  any  theo- 

1  Vau«han.  V.  C,  Jr.  Internat,  ainiet,  toL  IV,  2l8t  MriM.  p.  142.  J.  B.  Lippin«ott  Co.,  1011. 
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retical  expIanation  for  them.  In  view  of  the  complexity  of  the  subject,  the 
enormous  amount  of  research  carried  out,  and  the  abundance  of  new  facts 
collected,  without  the  attainment  up  to  the  present  tirne  of  any  satisf aetorj 
conelusive  generalizations,  it  would  have  been  better  to  have  retained  the 
word  *  *  allergy  ' '  in  preference  to  anaphylaxis.  Allergy  has  been  emp]oyed 
in  a  different  sense  to  indieate  the  effort  of  the  body  to  loealize  the  aeti\ity 
of  the  spiroehaete,  which  tends  to  be  generally  distributed  in  8yphilis,  after 
prolonged  inf eetion ;  an  effort  sometimes  seen  in  the  earlv  8eeondary  period, 
but  more  usual  in  the  tertiary  stage,  when  the  lesions  are  not  mfrequently 
limited  to  one  or  two  areas. 

Anaphylaxis. — This  term,  meaning  **  without  protection,'*  was  intro- 
duced  by  Richet,  and  has  come  into  general  use,  though  at  the  present  tirne 
its  appropriateness  may  well  be  questioned,  since  the  aetual  condition  is 
regarded  as  in  many  cases  favorable  to  the  development  of  immuniiv.  It 
is  differently  emploved  by  writers  upon  the  subject.  Some  use  it  to  designate 
the  anatomieal  and  funetional  ehanges  whieh  occur  when  an  animal  receives 
under  the  required  eonditions  a  second  injection  with  the  same  protein  solu- 
tion.  Others  employ  it  to  deseribe  the  sensitized  state  produeed  by  the  first 
injection  of  some  foreign  soluble  protein,  while  others  again  applv  it  to  the 
sensitization  produeed  by  the  first  injection  and  the  intoxication  caused  by 
the  second  injection  of  the  same  protein. 

The  term  is  not  applicable  to  the  toxic  reactions  which  occur  when 
any  one  of  a  large  number  of  very  different  substances  are  injected :  nor 
should  it  be  used  to  designate  the  condition  when  the  injection  is  repeated 
in  three  or  four  days — that  isi,  before  the  expiration  of  the  definite  period — 
and  the  animal  remains  perfeotly  normal.  It  is  the  development  of  charac- 
teristic  toxic  phenomena  upon  the  second  injection  of  the  same  soluble 
protein  after  the  expiration  of  the  appropriate  interval  that  constitutes 
anaphylaxis. 

This  being  the  čase,  anaphylaxis  may  be  considered  in  three  dif- 
ferent phases :    (a)  sensitization;  (b)  incubation ;  and  (c)  intoxication. 

(a)  Sensitization  may  be  caused  by  any  soluble  foreign  protein,  either 
animal  or  vegetable,  introduced  in  an  unaltered  state  into  the  circulatory 
fluids  of  an  animal.  The  list  is  a  very  large  one  and  comprises:  1,  animal 
proteins  in  solution;  2,  cellular  animal  proteins;  3,  vegetable  proteins 
in  solution;  4,  cellular  vegetable  proteins.  The  sensitizing  dose  varies 
in  different  animals.  The  most  susceptible  animal  is  the  guinea-pie,  but 
it  is  probable  that  every  species  of  animal  may  be  sensitized.  Other  ordi- 
nary  laboratory  animals,  as  the  rabbit,  are  less  susceptible.  In  the  čase 
of  the  guinea-pig  the  dose  of  horse  serum  or  cry8tallized  egg  albumen  is 
practically  infinitesimal.  The  most  certain  method  of  inducing  laboratory 
sensitization  is  the  injection  of  the  selected  protein  subcutaneouslv,  intra- 
venouslv  or  into  the  peritoneal  sac.  Other  methods  consist  in  feedine  the 
proteid  substances  to  animals,  their  inunction  into  the  scarified  skin,  and 
their  repeated  introduction,  particularly  that  of  horse  serum,  into  the 
nares  or  into  the  vagina  or  rectum  of  guinea-pigs.  It  has  also  been  estab- 
lished  that  sensitization  in  the  čase  of  guinea-pigs  may  be  transmitted  f rom 
the  mother  to  her  offspring.  These  experimental  proofs  that  sensitization 
may  be  inherited  or  acquired  by  the  contact  of  proteins  with  the  nninjured 
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mucous  membranes  or  integuments  may  be  invoked  to  explain  the  more  or 
less  violent  anaphylactic  reaction  which  sometimes  occurs  in  human  beings 
upon  the  first  injeetion  of  an  antitoxin  for  therapeutic  or  immunizing' 
purposes  and  certain,  idiosyncrasies. 

That  sensitization  is  specific  is  fully  established  by  the  fact  that  a 
reaction  can  only  be  obtained  by  the  reinjeetion  of  the  same  protein  used 
in  the  first  injeetion  or  a  protein  derived  from  an  animal  or  vegetable  of  a 
closely  related  group. 

(6)  The  ineubation  is  the  interval  required  by  the  body  fluids  and 
tissues  to  undergo  these  ehanges  which  endow  the  soluble  foreign  protein, 
practically  harmless  upon  the  first  injeetion,  with  the  properties  of  a  viru- 
lent  poison.  Sensitization  develops  gradually  and  reaches  its  maximum 
at  varying  periods  in  different  animals.  In  the  guinea-pig  the  ineubation 
is  complete  in  about  ten  days ;  in  the  rabbit,  eight  to  fif teen  days  af ter  the 
last  of  several  injections  (Arthus  phenomenon)  ;  in  man,  seven  to  twelve 
days.  The  duration  also  varies  with  different  animals.  In  man  typical 
reactions  have  oecurred  upon  reinjeetion  after  five  years. 

(c)  Intoxication.  It  is  in  this  phase  that  anaphylaxis  deelares  itself. 
The  period  of  ineubation  may  be  completed,  and  sensitization  gradually 
and  fully  established,  to  gradually  subside  after  a  shorter  or  longer  interval ; 
but  the  animal  remains  practically  normal  unless  it  is  injected  with  the 
same  protein.  When  this  happens  acute  or  subacute  8ymptoms  of  intoxi- 
cation  promptly  supervene  and  the  requirements  of  the  concept  designated 
anaphylaxis  are  fulfilled.  These  ^ymptoms  vary  in  different  animals,  but 
are  practieally  constant  in  the  same  species,  whatever  the  protein  mav  be 
that  eauses  them.  In  man  cutaneous  lesions  are  common  and  usually  accom- 
panied  by  respiratory  and  circulatory  derangements. 

In  the  laboratory  intoxication  is  brought  about  by  the  same  method» 
by  which  sensitization  is  caused ;  in  man  by  the  inhalation  or  ingestion  of 
the  sensitizing  protein  or  by  the  use  of  immunizing  sera.  In  general  terms, 
the  quantity  of  foreign  protein  required  to  cause  intoxication  is  much 
greater  than  the  quantity  which  sensitizes. 

It  has  been  generally  accepted  that  the  protein  molecule  acts  both  as 
the  sensitizing  and  the  intoxicating  substance.  Vaughan  has  sho\\'n  that 
proteins  are  split  into  a  toxic  and  nontoxie  fraction  by  prolonged  exposure 
to  a  high  temperature  in  a  2  per  cent.  solution  of  sodium  hydrate  in  abso- 
lute  aleohol.  The  toxic  fraction  eauses  fatal  anaphylactic  phenomena  in 
guinea-pigs  but  does  not  sensitize  them.  The  non-toxic  fraction  eauses 
sensitization  which  reacts  to  the  entire  protein  molecule  but  fails  to  react 
to  the  non-toxic  fraction.  This  experimental  work  forms  the  basis  of  the 
parenteral  digestion  theory  of  anaphylaxis  formulated  by  Vaughan  and 
is  regarded  a*s  the  most  acceptable  explanation  of  the  subject  presented  up 
to  the  present  time.  Its  main  points  have  been  set  forth  in  foregoing 
paragraphs. 

Anti-anaphylaxis  according  to  this  view  eonstitutes  a  condition  in 
which  there  is  a  disproportion  between  the  amount  of  the  specific  ferment 
and  the  foreign  protein,  since  the  anaphylactic  reaction  calls  for  much  of 
the  ferment,  and  the  remainder  is  incapable  of  releasing  a  sufficient  quan- 
tity  of  the  poison  to  cause  reaction.    Passive  anapbylaxis  is  the  condition 
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eaujBed  by  the  transference  of  the  specific  proteoh^ic  zrmogen  from  a  sena- 
tized  animal  to  a  normal  one. 

The  iiitoxieation  s^inptoms  in  the  human  being  comprise  cntaneoos 
eruptions,  severe  arthalgias,  swelling  of  the  h-mph-nodes,  fever  of  remit- 
tent  tvpe,  cedema,  albuminuria  and  leucopenia. 

Serum  Sickness. — This  term  was  applied  by  von  Pirqaet  and  Schiek 
to  the  well-defined  symptom-eomplex  of  anaphvlactie  reaetions  which 
aometimes  oceur  in  man  after  the  injection  of  therapentic  sera,  most  of 
whieh  are  obtained  from  the  horse. 

These  8ymptoms  occasionalljr  occur  not  onlv  after  injeetions  of  antJ- 
diphtheritic,  antistreptococcie  and  other  sera,  but  thev  may  also  fol]ow 
the  injection  of  normal  horse  serum.  Thev  are  therefore  not  due  to  the 
antibodies  present  in  the  serum  but  to  the  serum  itself.  It  has  also  been 
establlshed  that  these  reaetions  are  more  common  in  eases  treated  with  large 
amounts  of  serum  than  with  small  amounts  of  serum  containinsr  the  same 
number  of  antitoxin  units.  It  has  further  been  sho\^Ti  that  serum  deri\ed 
from  eertain  horses  is  more  frequently  followed  by  anaphylactic  reaetions 
than  of  other  horses  injected  in  similar  amounts. 

In  a  majority  of  the  cases  the  typieal  intoxication  reaetion  does  not 
oceur  until  the  end  of  an  incubation  period  of  about  eight  to  twelve  daevs, 
Among  the  earlier  s>Tnptoms  are  fever,  which  may  last  from  a  few  da\-8 
to  a  week  or  two ;  enlargement  and  tendemess  of  the  IjTnph-nodes  in  the 
area  of  the  injection;  and  eruptions  at  first  urticarious,  subsequently  of 
the  most  polymorphous  description  and  symmetrically  distributed.  During 
the  incubation  period  there  is  a  moderate  leucocytosis,  which  gives  plaee  to 
a  marked  but  transient  leucopoenia.  Joint  affections  are  less  eominou  and 
involve  usually  the  metacarpophalangeal  articulations,  the  wrists  and  the 
knees.  They  are  painful,  but  tend  to  recovery  without  disability  or  de- 
f ormity.  The  fpdema  appears  first  in  the  face ;  later  in  the  dependent  parts 
of  the  body.  There  is  also  a  slight  albuminuria.  The  subsidenee  of  the 
frlandular  8welling  and  disappearance  of  the  oedema  are  of  favorable  prog- 
nostic  significance,  since  they  are  shortly  followed  by  recoverv. 

In  an  individual  who  has  had  previous  injeetions  of  horse  serum  this 
tvpical  reaetion  is  modified  in  respect  of  the  time  of  its  occurrence.  There 
are  two  types  of  modification :  First,  an  immediate  reaetion,  which  occurs 
within  twenty-four  hours,  and  second,  an  aocelerated  reaetion,  which 
occurs  about  the  fifth  or  seventh  day.  When  the  injection  is  made  in  f rora 
ten  days  to  six  months  follo\ving  the  primarj'  injection  the  immediate  reae- 
tion commonly  appears;  after  six  months  the  accelerated  reaetion.  lu 
other  respects  the  reaetions  are  similar  to  those  of  a  primary  injection.  but 
run  a  shorter  eourse. 

As  a  rule  the  serum  sickness  in  man,  as  characterized  by  the  foregoing 
s\Tnptoms  and  manifesting  the  immediate  and  accelerated  reaetions,  runs 
a  favorable  eourse  and  terminates  in  recovery.  It  has  occasionally  occurred, 
ho\vever,  that  a  violent  or  fatal  anaphylactic  shock  has  promptly  folloued 
the  first  injection  of  horse  serum,  even  in  small  amounts.  These  accidents 
are  fortunately  of  infrequent  occurrence.  The  ^ymptom8  resemble  those 
of  anaphylactic  shock  in  laboratory  animals,  and  it  may  be  aasumed  that 
they  are  due  to  similar  causes.    The  larger  proportion  of  the  cases  have 
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suffered  from  intense  dyspn(Ba  and  convulsions,  wliile  the  pulse  continued 
for  a  tirne  fuU  and  regular.  At  autopsy  in  some  instances  the  lungs  were 
found  overdistended.  These  manifestations  closely  resemble  the  fatal 
anaphylaetie  shock  of  the  guinea-pig.  A  history  of  asthma  or  other  respira- 
tory  affeetions  u&rually  has  been  obtained.  A  careful  anamnesis  bearing 
upon  these  conditions,  and  especially  upon  the  oceurrence  of  asthmatie 
symptoms  following  exposure  to  the  effluvia  from  horses,  should  be  made 
in  eases  in  which  injeetions  of  sera  are  indicated.  In  a  more  limited  group 
of  cases  the  first  injection  of  horse  serum  has  eaused  anxiety,  profound 
depression,  cyanosis  and  great  feebleness  of  the  aetion  of  the  heart-collapse 
8ymptoms  sueh  as  oeeur  in  the  anaphylaetic  shock  of  the  rabbit  and  dog. 
Many  of  these  patients  have  never  received  a  previous  injection  of  horse 
serum.  The  intense  symptoms  and  acute  death  cannot  be  attributed  to 
an  essential  toxicity  of  the  serum,  for  first  injeetions  of  horse  serum  not 
only  as  a  general  rule  do  not  cause  anaphylactic  phenomena,  but  they  usually 
do  not  produce  immediate  symptoms  of  any  kind.  The  reactions  are  dis- 
tinctly  those  of  an  anaphylactic  intoxication  of  the  most  violent  character 
and  develop  with  characteristic  promptness.  It  must  be  assumed  that  they 
are  due  to  a  sensitized  condition  of  the  subject,  the  result  of  the  parenteral 
digestion  of  unchanged  horse  protein  absorbed  by  the  intestinal  tract  or 
in  one  of  the  other  ways  by  which  laboratory  animals  undergo  experimental 
sensitization. 

The  recurrence  of  hay  fever,  hay  asthma,  horse  asthma  and  the  various 
food  idiosyncrasies  are  instances  of  anaphylaxis  of  the  milder  type.  There 
is  reason  to  suspect  that  ali  cases  of  asthma  are  manifestations  of  protein 
sensitization,  and  that  the  common  oceurrence  of  asthmatie  seizures  in 
persons  suffering  from  chronic  affeetions  of  the  respiratory  tract  results 
from  an  anaphylactic  reaction  to  the  proteins  of  the  infecting  organi^is 
by  which  such  affeetions  are  eaused. 

Idiosyncrasy. — ThLs  term  has  lonj?  been  used  to  describe  the  condition 
in  which  the  inhalation  of  the  efifluviiun  of  animals,  especially  the  horse, 
rabbit  or  giiinea-pig,  or  of  the  poUen  of  a  great  variety  of  different  plants, 
or  the  inge?»tion  of  certain  articles  of  food,  among  which  m*ny  be  particu- 
larly  named  eggs,  cheese,  pork,  shell-fish,  buckwheat,  and  strawberries,  is 
directlv  follo\ved  by  urgent  and  distressing  symptoms.  Asthma  and  urti- 
carial  rashes  are  almost  constant,  but  abdominal  distress  and  pain,  vomiting, 
diarrhcpa  and  prostration  are  common  and  sometimes  severe.  This  con- 
dition of  hypersensitiveness  is  anaphylactic  in  character  and  specific, 
antibodies  for  the  particular  protein  being  present  in  the  cella  and  fluids 
of  the  affected  individual.  It  is  also  extrerae,  as  the  most  intense  symptom8 
often  follo\v  the  inhalation  of  exceedingly  minute  amounts  of  protein  in 
horse-asthma,  while  the  instillation  of  a  few  drops  of  a  1  per  cent.  physiologic 
salt  solution  of  poUen  into  the  lachrvmal  sae  of  a  susceptible  individual  is 
Buflficient  to  canse  an  attack  of  hay-fever.  This  form  of  anaphylaxis  is 
common  and  often  hereditary.  The  circumstances  under  which  sensitiza- 
tion has  taken  plače  are  mostly  unkno^Ti.  The  sufferer  is  usually  aware  of 
the  particular  animal,  pollen  or  artide  of  food  which  causes  his  attacks  and 
is  on  the  watch  to  avoid  it. 

Some  persons  are  sensitized  to  particular  drugs,  among  which  are 
42 
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atropine,  strychnme,  morphine,  iodoform,  ipecac  and  certain  preparations 
of  iron,  and  suffer  severely  af ter  exceedingly  small  doses.  If  under  these 
circumstances  the  drug  in  question  does  not  contain  a  protein  substance  it 
is  necessary  to  assume  that  it  may  aet  upon  a  body  protein  and  convert  it 
into  a  foreign  protein,  capable  of  sensitizing  other  cells  of  the  body. 

The  diagnosis  of  idio8yncrasy  rests  upon  the  faet  that  the  patient 
almoet  invariably  upon  exposure  to  the  emanations  from  partieular 
animals,  the  inhalation  of  certain  pollens  or  the  ingestion  of  de&iite  articles 
of  food  or  drugs  suffers  at  once  from  the  characteristic  train  of  sj-mptoms. 

Cutaneous  and  intracutaneous  tests  are  successfully  employed  in  the 
čase  of  food  idiosyncrasy.  The  technic  of  the  cutaneous  tests  consists  in 
cleansing  the  skin  of  the  arm  ^vith  alcohol,  abrading  a  small  area  by  a 
needle  or  other  suitable  instrument  and  rubbing  into  the  abraded  surface 
a  minute  portion  of  the  suspected  article,  as  a  drop  of  egg  albumen  or  a 
drop  of  a  5  per  cent.  watery  solution  of  the  food.  A  positive  reaction 
appears  in  ten  minutes  or  les«  in  the  form  of  an  urticarial  wheel  sur- 
rounded  by  an  erythematous  areola,  and  lasts  from  twenty  to  fortv-five 
minutes.  A  control  must  be  made  with  water  or  salt  solution,  since  the 
trauma  itself  may  be  followed  by  some  oedema  and  redness  in  persons  with 
an  irritable  skin. 

The  intracutaneous  test  consists  in  the  injection  into  the  skin  of  a 
minute  amount  of  a  sterile  solution  of  the  protein  of  the  suspected  food — 
0.1  c.c.  of  0.1  per  cent.  solution  is  usually  sufficient.  A  positive  reaction 
is  scen  in  a  tender  papule,  with  oedema  and  an  erythematous  areola.  This 
test  is  very  delicate  but  somewhat  painf ul.  Confusing  non-specific  reactions 
are  common,  but  subside  in  a  short  time.  For  this  reason  the  readings 
should  not  be  taken  until  after  forty-eight  hours.  Soluble  proteins  of 
foods  are  prepared  for  these  tests  in  the  biological  laboratories  and  sold 
in  the  shops.  The  offending  food  mav  not  always  be  found  at  once  and  a 
series  of  tests  may  then  become  necessarv. 

The  prognosis  may  be  favorable  if  the  offending  protein  is  found  and 
desensitization  undcrtaken  by  the  systematic  feeding  of  the  offending  food 
in  minute  and  non-toxic  doses  with  each  meal  until  the  skin  reaction  becomes 
negative;  the  same  result  may  be  attained  by  the  subcutaneous  injections 
of  sterile  solutions  of  the  offending  protein,  beginning  with  minimal  doses 
and  increasing  by  degrees. 
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